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(54) PhotocuraWe composition 

(57) A photoairaHejx*^ 

^ieing at 

table and aromatic electron system ligands selected 
from w-arenes, indenyl, ti<yclopentadienyl. The photo- 
curable composition may further comprise (C) a cleav- 
age-type photdnrtiator. The photocurability of the 
photocurable composition can be greatly inproved by 
incorporating a cleavage type photoinitiator into the 
composition. Since the cleavage-type pbotoinitjator 
functions as an initiator for anionic polymerization, even 
when the composition contains a radical-polymerizable 
compound such as an acrylic compound, it can be rap- 
fcfly cured due to the cleavage type photoinitiator con- 
tained therein. In the case where the cleavage-type 
photoinitiator used is a peroxide, heating can also be 
used to cure the composition. In the case where the 
cleavage type photoinitiator used is an azo compound, 
the composition can be foamed by regulating the addi- 
tion amount of the photoinitiator or the quantity of light 
with which the composition is irradiated. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a cyanoacrytate composition having photocurabtlity. Possible applications of the 
composition include lithography, potting, molding, coating, adhesives, sealing materials, and various resist materials. 

BACKGROUND OF THE INVENTION 

a-Cyanoacrylate adhesives are extensively utilized as cold-setting single-liquid type instantaneous adhesives for 
metals, plastics, rubbers, woods, etc., because they rapidly polymerize and cure by the action of a minute amount of 
the adsorption water present on adherend surfaces to extremely tenaciously bond the adherends to each other in a 
short time period. 

However, the a-cyanoacrytate adhesives have a drawback that the curing is very slow when the gap between 
adherends is wide, when the adhesive applied has overflown from the bonding part, or when the adhesive applied is 
not sandwiched between a pair of adherends as in coating. 

In general, a cyanoacrytate adhesive with which a large gap is filled or which has overflown from a bonding part is 
cured by using a primer or a curing accelerator. However, not only this technique is troublesome, but also the basic com- 
pound used as the main component of the primer or curing accelerator and the odor of the solvent contained therein 
are undesirable for the working environment. 

There is hence a desire for a cyanoacrylate adhesive which can be easily cured without impairing the excellent fea- 
tures of the instantaneous adhesive, i.e., cold-setting and single-liquid type. 

To eliminate the problem descrtoed above, cyanoacrytate adhesive compositions having photocurability have been 
proposed. For example, a cyanoacrytate adhesive composition containing a radical-generating photopolymerization ini- 
tiator is disclosed in JP-A-62-57475. (The term "JP-A" as used herein means an "unexamined published Japanese pat- 
ent application") 

JP-A-6-2991 22 discloses an adhesive composition containing an aromatic azkJe compound as a photoinitiator for 
anionic polymerization. 

WO93/10483 discloses a technique in which an inorganic chromium complex is used as a photoinitiator for anionic 
polymerization. 

Further, a technique of using Pt(acac) 2 as a photoinitiator for anionic polymerization is reported in 
Macromolecules, 28 (4) 1328 (1995). 

These proposed compositions, however, have problems such as the following. In order for the compositions to cure, 
a relatively long light irradiation time of from 1 to 2 minutes is necessary. In the case of radical polymerization, the curing 
reaction is inhftrted by oxygen and, as a result, the adhesive surface suffers curing failure or remains tacky. Moreover, 
the compositions foam upon light irradiation, or have poor storage stability. 

On the other hand, many proposals have been made on photocurable compositions containing a metallocene com- 
pound as a photoinitiator. Metallocene compounds are generally used as a photoinitiator for radical polymerization or 
cationic polymerization. For example. JP-A-6-35189 discloses a photopolymerizable mixture containing a photoinitiator 
comprising (A) a photoreductole dye. (B) a radiation-decomposable trihalomethyl compound, and (C) a metallocene 
compound and a recording material produced from the mixture. 

JP-A-5-1 1731 1 discloses a photopolymerization initiator comprising a complex obtained by the interaction of (A) a 
charge-transfer complex comprising a biscycloperrtadienyiiron derivative and a quinoid compound with (B) at least one 
salt selected from the group consisting of tetraf luoroboric acid salts, hexafluorophosphoric acid salts, and hexafluoro- 
antimonic acid salts. 

JP-A-4-221958 discloses a photopolymerizable mixture containing a metallocene compound as a photoreaction 
initiator and a recording material produced from the mixture. 

JP-A-2-1 27404 discloses a photopolymerizable mixture containing a photoinitiator comprising (A) a photo-reduci- 
ble dye, (B) a radiation-decomposable trihalomethyl compound, and (C) a metallocene compound and a recording 
material produced from the mixture. 

JP-A-4-73763 discloses a photocurable electrodeposition coating composition containing a titanocene compound 
as an initiator. 

Further, a technique of photocuring a vinyl monomer by means of ferrocene alone or a combination thereof with 
carbon tetrachloride is reported in J. Macromol. Sci.-Chem., A28 (5&6), 557 (1991). 

However, the techniques shown above are based on a polymerization mechanism in which a radical or cationic 
polymerization reaction proceeds, and are unrelated to the technique for photopolymerizing and curing an a-cyanoacr- 
ytate mainly by anionic polymerization, in particular to the technique of the present invention. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a photocurable composition having excellent photocurability to over- 
come the above-described problems in the prior art. 

The present inventors have found that the above object is achieved with the following embodiments: 

(1) a photocurable composition comprising: 

(A) an a-cyanoacrylate and 

(B) a metallocene compound comprising a transition metal of Group VIII of the periodic table and aromatic 
electron system ligands; 

(2) the photocurable composition according to the embodiment (1 ), further comprising (C) a cleavage-type photoin- 
rtiator; 

(3) the photocurable composition according to the embodiment (1 ) or (2). wherein in the metallocene compound (B) 
comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, the aromatic 
electron system ligands each is a x-arene, indenyl, or ti-cydopentadienyl; 

(4) the photocurable composition according to any one of the embodiments (1) to (3), wherein the metallocene 
compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system ligands 
is represented by the following formula (I): 



(wherein M represents a transition metal of Group VI II of the periodic table; R represents a halogen atom, a hydro- 
carbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon atom-containing, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing group 
having 1 to 20 carbon atoms, provided that the R's may be the same or different and may be crosslinked to each 
other; symbol a represents an integer of from 0 to 5; and the groups [R a -Cp] (Cp represents n-cydopentadienyt) 
may be the same or different); 

(5) the photocurable composition according to any one of the embodiments (1) to (4), wherein in the metallocene 
compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic electron system lig- 
ands, the transition metal of Group VIII of the periodic table comprises iron, osmium, ruthenium, cobalt or nickel; 
and 

(6) the photocurable composition according to the embodiment (5), wherein in the metallocene compound (B) com- 
prising a transition metal of Group VIII of the periodic table and aromatic electron system ligands, the transition 
metal of Group VIII of the periodic table comprises iron, osmium, or ruthenium. 

The photocurable composition of the present invention can be rapidly cured by light irradiation even when the gap 
between a pair of adherends is wide, when the composition applied has overflown from the bonding part, or when the 
composition applied is not sandwiched between a pair of adherends as in coating. Since the curing reaction proceeds 
by anionic polymerization, not only the composition does not suffer the surface curing inhibition by oxygen which is 
observed in radical polymerization, but also even that part of the composition to which light cannot reach due to the 
shape of the substrate cures by the anionic polymerization initiated by light irradiation. Further, since the metallocene 
compound has a light absorption wavelength region extending beyond 500 nm to the longer-wavelength side, the com- 
position can be cured with a light in a wider wavelength region, i.e., even with ultraviolet and/or visible light. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention is explained below in detail. 




M 



(i) 
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1 . a-Cyanoacrylate (A): 

Although the a-cyanoacrylate (A) contained as an essential component in the composition of the present invention 
is not particularly limited, it is represented by general formula (II): 

H 2 C»C(CN)-COOR (») 

(In the formula, R is an ester residue such as, e.g., an alkyt, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, or aryl group. 
Although the ester residue is not particularly limited in the number of its carbon atoms, it generally has from 1 to 8 car- 
bon atoms. The ester residue may be a substituted hydrocarbon group such as an alkoxyalkyl or trialkyteilylalkyl group.) 

Examples of the cyanoacrylate include alkyl and cycloalkyl a-cyanoacrylates such as methyl a-cyanoacrylate, ethyl 
a-cyanoacrylate, propyl a-cyanoacrylate, butyl a-cyanoacrylate, and cyclohexyl a-cyanoacrylate; alkenyl and 
cycloalkenyl a-cyanoacrylates such as ally! a-cyanoacrylate, methallyl a-cyanoacrylate, and cydohexenyl a-cyanoacr- 
ylate; alkynyl a-cyanoacrylates such as propargyl a-cyanoacrylate; aryl a-cyanoacrylates such as phenyl a-cyanoacr- 
ylate and totyl a-cyanoacrylate; heteroatom-containing a-cyanoacrylates such as methoxyethyl a-cyanoacrylate, 
ethoxy ethyl a-cyanoacrylate. and furfuryl a-cyanoacrylate; and silicon-containing a-cyanoacrylates such as trimethyls- 
ilytmethyl a-cyanoacrylate, trimethylsilylethyl a-cyanoacrylate. trimethylsilylpropyl a-cyanoacrylate, and dimethylvinyls- 
irylmethyl a-cyanoacrylate. 

2. Metallocene compound (B) comprising transition metal of Group VIII of the periodic table and aromatic electron sys- 
tem ligands: 

The metallocene compound (B) comprising a transition metal of Group VIII of the periodic table and aromatic elec- 
tron system ligands, which is another essential component of the composition of the present invention, is not particu- 
larly limited in its aromatic electron system ligands. Desirable examples of the ligands include n-arenes, indenyl, and n- 
cydopentadienyl. Preferred of these is n-cyclopentadienyl. 

Exarrples of substituents which may be bonded to each ligand include halogen atoms, hydrocarbon groups having 
1 to 20 carbon atoms, halogenated hydrocarbon groups having 1 to 20 carbon atoms, and silicon atom-containing, oxy- 
gen atom-containing, sulfur atom-containing, and phosphorus atom-containing groups having 1 to 20 carbon atoms. 
Each ligand may have the same or different substituents, and the substituents may be crosslinked to each other. 

Preferred examples of the metallocene compound comprising a transition metal of Group VIII of the periodic table 
and aromatic electron system ligands are represented by the following structural formula (I): 



M 




(In the formula, M represents a transition metal of Group VIII of the periodic table. R represents a halogen atom, a 
hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a 
silicon atom-containing, oxygen atom-containing, sulfur atom-containing, or phosphorus atom-containing group having 
1 to 20 carbon atoms, provided that the R s may be the same or different and may be crosslinked to each other. Symbol 
a represents an integer of from 0 to 5.) 

In formula (1), the groups [R a -Cp] (Cp represents n-cyclopentadienyl) may be the same or different 
Specific examples of the metallocene compound comprising a transition metal of Group VIII of the periodic table 
and aromatic electron system ligands include ferrocene, in which the transition metal is iron, osmocene, in which the 
transition metal is osmium, ruthenocene in which the transition metal is ruthenium, cobaltocene, in which the transition 
metal is cobalt, and nickelocene, in which the transition metal is nickel. Among these, ferrocene, osmosene and ruthe- 
nocene, and derivatives thereof are preferred. 

Exarrples of ferrocene compounds in which the aromatic electron system ligands are substituted with at least one 
subst'rtuerrt are shown below and in Exarrples. In the present invention, metallocene compounds having the structures 
formed by replacing the iron in these ferrocene compounds with another transition metal of Group VIII of the periodic 
table. e.g.. osmium, ruthenium, cobalt or nickel can also be used. The more substituents the metallocene compounds 
for use in the present invention have, the better photocurability they tend to have. 
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(i) Examples of compounds having one or more halogen atom substituents include 4-acety1-1 '-bromo- 1 ,2-diethyl- 
ferrocene. 1 4 -bromo-1,2,3-trielhylferrocene i 1^cetyl-V4xomo-2,3-dielhylferrocene ( 1,V<Jtoromo-3-(dibromobo- 
ryl)ferrocene, 1 ,1 ^ibromo^^^istdbromotoryOferrocene. 1 -bromo-1 '-methylferrocene, 1-bromo-r- 
(methoxymethyljferrocene, 1 -bromo-1 '-(4 -methyibenzoyt)ferrocene. 1 -iodo- 1'-<phenytethy1)f errocene, lHodo-1'-(4- 
methoxyphenyljferrocene, 1 -(4-chlorophenyl)-1 , HOdoferrocene, 1 -iodo-1 '-phenylferrocene, 1 .3-dichloro-2,4,5- 
tris(methyKhio)ferrocene. 1 ^^-trichloro^.SbistmethylthioJfeiTocene. 1 ,2,3 t 4-tetrac^loro-5-(metrTylthio)ferrocene, 
1 -iodo- 1 '-(3-methaxy-3-Gxo-1 -propyt)f errocene. 1,r-dibromoferrocenium, 2-acetyi-1 '-bromo-1 ,3-diethylferrocene, 
1 '-bromo-1 ,2,4-trietrryiferrocene, 1 ^acetyi-1 '-bromo-2,4-diethytferTocene, 1 '-bromo-1 ,3-diethytferrocene, 1'-bromo- 
1,2-diethylferrocene. 1 -acetyi-1 -bromo-3-ethylferrocene, 1 -acetyl-1 '-bromo^-ethytferrocene, 1.1'-dichloroferro- 
cenium, decachloroferrocenium, 1 -(3-hydraxy-3-me1hyi-1 -butynyl)-1 '-iodoferrocene. 1 -chloro-1 '-ethynytferrocene. 
1 -bromo- 1 '-ethynylferrocene, (acetylcyctopentedienyO^ (broiTKX^dopen^ 
cydopentadienyi)iron. 1 -bromo-r-phenyiferrocene, 1 -bromo-1 '-(triphenylmelhyl)ferrocene. 1 -bromo-1 '-{(1 - 
oxooctadecyl)oxy)ferrocene, 1 -iodo-1 '-((1 -oxooctadecyl)oxy)ferrocene, 1Ht>romo-1'-cuprioferrocene, 1-bromo-r- 
pentylf errocene, 1 -bromo-1 42-methylpropyl)ferr<>cene. 1 -chloro-1 '-(3-oxo-3-phenyl-1 -propenyl)ferrocene, 1 - 
bromo- 1 '-formytfenrocene, 1^toro-1Mamyiferrocene, 1 -bromo-1 '-(3-oxo-3-phenyl-1-propenyi)ferrocene l 1- 
bromo-1'-(2-methyl-1 ,3-dio>©lan-2-yOferroceno ( 1 -bromo-1 '-((^elhylphenyOmethylJferrocene^ 1 -bromo-1 *-((3- 
methylphenyl)methyOferrocene, 1 -bromo-1 '-((2-methy1phenyOrnethyl)fenro<)ene^ 1 -<diphenylpho6phino)-1 '-iodofer- 
rocene, 1 -((3-formylphenyl)gthynyi)-1 -iodoferrocene, 1-((2-fbrn^lphenyOe%nyl)-1Modoferrocene, 1,r-dichloro-2- 
(trichlorosilyOferrocene. (1 \2-dichloroferrocenyl)lithium. 1 -chloro-1 '-phenyiferrocene, 1-((4-fbrmylphenyl)ethynyl)- 
r-iodoferrocene, 1-(capryoethynyl)-1 '-iodoferrocene, decabromoferrocene. formylnonaiodoferrocene, ethytnonaio- 
doferrocene, rwnaiodomethytferrocene, nonabromoformytferrocene, acetylnonaiodoferrocene, Hethoxycarbonyl)- 
1 '-iodoferrocene, 1 -bromo- 1 '-(ethoxycarbonyOferrocene, 1 -chloro-1 '-<ethoxycarbonyl)ferrocene, decatodofer- 
rocene, 1 -benzoyl-1 '-bromoferrocene, 1 -benzoyl-1 '-chloroferrocene, 1,1',2,2 , ,3 ( 3',4 l 4'-octachloro-5 I 5'-diiodofer- 
rocene, 1 -iodo- 1 '-methylferrocene, and decachloroferrocene. 

(ii) Examples of compounds having one or more hydrocarbon group substituents having 1 to 20 carbon atoms 
include 1,1'-dimethylfenrocene, 1,1-di-n-butylferrocene, bisJpentametrvlcyd^madienyOiron, 1,1'-diethylfer- 
rocene, I.V-dipropylferrocene, 1,1 '-di-n-pentytfenrocene, 1 , 1 -di-n-haxy If errocene, 1,V,2-trimethylferTocene, 1,1,2- 
triethytferrocene, 1,1\2-tripropylferrocene, 1,r,2-tri-n-butylf errocene, 1,r,2-tri-n-pentylferrocene, 1,1,2-tri-n-hexyl- 
ferrocene, 1,1\3-trlmethylferTocene, 1,1\3-triethylferrocene, 1 ,r,3-tiipropylferrocene, 1,r,3-trl-n-butyHerT0cene f 
1 , 1 •3-tri-n-pentylferrocene, 1,1,3-tri-n-hexytferrocene, 1,r^,2'-tetramethylferTOcene, l.r^.^-tetraethylferrocene, 
1 ,1 \2,2Metraprcx>ytf errocene, 1 , 1 \2,2'-tetra-n-butyKerTOcene, 1 , 1 \2,2Metra-n-perrtytf errocene, 1,1\2,2-tetra-n- 
hexylferrocene, 1 , 1 ',2,3'-tetramethytferrocene, Ll'^.^-tetraethytferrocene, I.V^.S-tetrapropylf errocene, 1.1\2,3'- 
tetra-n-butylferrocene, l.r^.S'-tetra-n-pentylferrocene. I.I^.S'-tetra-n-hexylferrocene, 1 , 1 ',3,3'-tetramethylfer- 
rocene, 1 ,r,3,3'-tetraethyif errocene, 1,1',3,3-tetrapropylf errocene. 1 , 1 ',3,3'-tetra-n-butylferrocene, 1,1\3,3'-tetra-n- 
pentylf errocene, 1 . 1 1 .3,3'-tetra-n-hexylferrocene, 1 . 1 \2,3-tetramethylferrocene, 1 , 1 \2.3-tetraethyHerrocene, 
1 , 1 ',2,3-tetrapropylferrocene, 1 ,1',2,3-tetra-n-btrtyrferrocene, 1 , 1 ',2,3-tetra-n-pentyrferrocene, 1,1',2.3-tetra-n-hexy- 
If errocene, 1,r.2.4-tetramethylferrocene, 1,1\2,4-tetraethytferrocene, 1 , 1 ',2,4-tetrapropytf errocene, 1,1\2,4-tetra- 
n-butyHerrocene, 1,1\2,4-tetra-n-pentylf errocene. 1 . 1 ',2,4-tetra-n-hexylf errocene. 1,1\2,2\3-pentamethylferrocene, 
1,1\2,2\3-pentaethylferTOcene, 1,1\2,2\3-pentapropytferrocene, l.r^.^-penta-n-butyHerrocene, 1,1\2,2\3- 
penta-n-pentylferrocene. l.r^^'^-penta-n-hexyHerrocene. 1 . 1 ',2,2',4-pentamethylferrocene. 1,1'.2,2 , ,4-pentae- 
thylf errocene, 1,1\2,2\4-pentapropyKerrocene. I.r^^'^-penta-n-bu^lferrocene, 1,1\2.2\4-penta-n-pertylfer- 
rocene, 1.1\2,2\4-penta-n-hexylferrocene i 1 .r^.S.S-pentamethylferrocene. 1,r,2.3.3'-pentaethyHerrocene, 
M'^^-pentapropyllerrocene, ^r^.S^-penta-n^jutylferrocene, 1,1 '^^^-penta-n-pentylferrocene. 1,1\2,3,3'- 
penta-n-hexytf errocene, 1,1\2,3*,4-pentarnethylferrocene, 1,1\2,3\4-pentaethylferrocene, 1,1\2,3\4-pentapropyt- 
ferrocene, 1,r,2,3,4-penta-n-butylferrocene, 1,r,2,3\4-penta-n-pentylf errocene, 1,r,2,3\4-penta-n-hexylfer- 
rocene, 1 , 1 \2,3,4-pentamethy»errocene, 1 , 1 \2,3,4-rx*taethytferrocene, 1 , 1 '^.S^-pentapropylferrocene, 
1 ,1 r ,2,3,4-penta-n-butytferrocene, 1 ,1 ,2,3,4-penta-n-pentylferrocene, 1 , 1 ,2,3,4-penta-n-hexyfferrocene, 
1,r,2 t 3A5-hexamethylferrocene, l,V,2,3,4,5-hexaethyrferrocene, 1,1',2,3,4,5-hexapropylferrocene. 1,1\2,3,4,5- 
hexa-n-butyHerrocene, l.r^.SAS-hexa-n-pentylferrocene, 1,r,2,3,4,5-hexa-n-hexylferT0cene, 1,1\2,2',3,4-hex- 
amethylf errocene, l.r^^'.S^-hexaethylferrocene, 1,1',2,2',3,4-hexapropylferrocene, 1 , 1 ',2,2',3,4-hexa-n-butylfer- 
rocene, 1 , 1 ',2,2',3,4-hexa-n-perTtyHerrocene. 1 , V ,2,2\3,4-hexa-n-hexytferrocene, 1 ,1 ' ,2,3,3\4- 
hexamethylferrocene, 1 .I^.S.^-hexaethylferTOcene, 1 ,1',2,3.3 , ,4-hexapropylferrocene, 1 ,1',2,3,3',4-hexa-n- 
butylferrocene, 1,1\2,3,3\4-hexa-n-penty1ferrocene, 1,1\2,3.3\4-hexa-n-hexylferrocene, 1.1\2,2\3,3'-hexamethyl- 
ferrocene, 1,1\2,2',3,3'-hexaethylferrocene. l.r^^'.S.S'-hexapropylferrocene, vr^.^.S.^-hexa-n-butyHerrocene. 
1 ,1 '^.^.S.S'-hexa-n-pentylferrocene, 1 ,1 '^.Z^.^-hexa-n-hexylferrocene. 1 ,1' ,2,2',3',4-hexamethylferrocene, 
1 ,1 \2,2\3\4-hexae%lferrocene, 1 .r^.^.S'^-hexapropylferrocena 1 ,1\2.2\3\4-hexa-n-butyHerrocene, 
1,1\2,2\3\4-hexa-ni>entylferrocene, l.l'^^'.S'^-hexa-n-hexylferrocene. 1.1\2,2\4,4-hexamethylferrocene t 
1 , 1 \ 2.2 , .4.4 , -hexaethylferrocene, 1 , 1 , ,2,2\4,4 , -hexapropylferrocene, 1 , 1 \2,2\4.4 , -hexa-n-butyHerrocene. 
1,1 \2,2\4,4'-hexa-n^ntylferrocene, 1 . 1 \2.2\4.4'-hexa-n-hexyHenrocene, 1 , 1 \2.2\3.4,5-heptamethyHOTOcene, 
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1 ,1 \2,2\3 ,4,5-heptaethylferrocene, 1 , V ,2 ,2\3A5-hepUpropylf errocene, 1 , 1 \2,2\3 A5-hepta-n-butylferrocene, 
1 ,V > 2 1 2 , ,3 t 4,5-hepta-n-pentytferrocene > 1 ,r ,2,2',3 A5-hepta-n-hexyHerrocene, 1 , 1 , ,2 f 3 i 3 , i 4 > 5-heptamethylfer- 
rocene, I.I^.S.SA.S-heptaethylferrocene, 1,1\2,3,3 4 A5-heptapropylferrocene, IJ^^'AS-hepta-n-butylfer- 
rocene, 1 ,1\2,3,3\4,5-hepta-n-pemy ferrocene. 1 .I^.S.SA.S-hepta-n-hexylferrocene, 1,1 , i 2 i 2 , f 3 i 3 , t 4- 
heptamethylferrocene, 1,1\2,2\3,3\4-heptaethylferrocene, 1,1\2,2\3.3\4-hep1apropylferrocene, 1,1\2,2\3,3\4- 
hepta-n-butytf errocene, 1 .1 \2,2\3,3\4-hepta-n-pentyl-ferrocene, 1 , 1 \2,2\3.3\4-hepta-n-hexylferrocene, 
1 ,1 \2,3,3\4,4 -heptamethylferrocene, 1 , 1 \2,3,3\4,4'-heptaethyHerrocene, 1 , 1 \2,3,3\4,4*-heptapropylferrocene, 
1 ,1 \2,3,3\4,4'-hepta-n-butylferrocene, 1 , 1 \2.3,3\4 A-hepta-n-pentylferrocene, 1 , 1 '.W^ A4'-hepta-n-hexyl-fer- 
rocene, 1,1\2.2\3,3\4 ( 5^)ctomethy»ferrocene. 1.1\2,Z,3,3\4,5«>ctoethylferrocene, l.r^Z.S^'AS-octopropylfer- 
rocene, 1 J^^^^S-octo-n^xitytferrocene, l.l'.^^yASocto-n-pentyfferrocene. 1 P 1\2,2\3.3'A5-octo-n- 
hexylferrocene, 1 ,1\2,2\3A4\5-octomethylferTOcene. 1.1\2.2\3A4\5-o<toethylferrocene, 1,1\2.2\3A4\5-octo- 
prapylferrocene. 1 J\2 § 2\3A4\5K>ctOHiHt)utytferrocene, 1,1\2,2\3A4\5-octo-ni)entylferrocene. 1 B 1' l 2 B 2 > a 3 a 4.4 , a &' 
octo-n-hexytferrocene, 1 J\2,2\3,3\4A,5-nonamethylfenrooene t 1 J\2,2\3,3\4A\5-nonaethylferrocene ( 
1 ,r,2 > 2\3.3 , A4\5K)ctopropylferrocene, 1 .1 , 1 2^ , i 3,3 , ,4 ( 4 , I 5-octo-r>-bulylferrocene, 1 J \2,2\3,3 , A4\5-octo-n- 
pentytferrocene, 1,1\2,2\3.3\4,4\5K)CtOHi-heKyHerrocene, bis(pentaethylcyclopentaclienyi)iron t bis(perrtapropylcy- 
dopentadieny1)iron, bis(penta-n-butylcyclopentadienyl)iron ( bisfpenta-n-pentylcydcpentadienyljiron, bis(penta-n- 
hexyteyctopentadjenyQiron, 1,1'-dimemy1-2-ethytferrocene, 1,1 '^imethyl-3-ethylferrocene, 1 , 1 '-di-n-butyl-3-methyl- 
f errocene, 1 , r-di-n-butyl-3-ethytferrocene, 1 ,1 '-dimethyl-S.S'-diethylfeiTocene, 1 , 1*2-trimethyi-3-ethyiferrocene ( 
1 ,1'-ditriphenytmemylferrocene, 1 -methyl- 1 '-tripheny Imethyiferrocene, and 1 -n-butyl-1 '-triphenyf rnethytferrocene. 
(ill) Examples of compounds having one or more halogenated hydrocarbon group substituents having 1 to 20 car- 
bon atoms include 1 -methyl- r-{chloromethyl)ferrocene, 1-chloro-1'-(chloromethyl)ferrocene, 1 -methyl- 1'-(bro- 
momethy l)ferrocene. 1 -methyl-1 '-(iodomethyl)ferrocene, 1 . 1 '-difchloromethyOf errocene, 1 , 1 \2- 
tri(chloromethyi)f errocene, 1 ,1 \2,2 '-tetra(chloromethyl)ferrocene, bis(pwtachloromethylcyclopentadienyi)iron, 
bis(pentabromomethytcyclopentadienyl)iron, 1 -methyl- 1'-(trichloromethyl)f errocene, 1-emyl-1'-(trichloromethyl)fer- 
rocene, 1 -methyl-1 -(tribromomethyl)f errocene, 1 -methyl-1 '-(triiodomethyl)ferrocene, 1 -chloro-1 Xtrichlorome- 
thyl)ferrocene, 1 -bromo-1 '-(trichloromethyl)ferrocene, 1 -bromo-1 *-(tribromomethyl)ferrocene , 1 , 1 - 
dKtrichloromethyl)ferrocene, 1,r-di(tribromomethyt)ferrocene t 1 J v -di(trk^lorome^)-2-c^loroferrocene ( 1 -acetyl- 
1 '-(trichloromethyl)ferrocene, 1 ,1 '«Jiacetyl-2-(trichtoromethyl)ferrocene. 1 ,V-diacetyl-3-(trichloromethy1)ferrocene, 
1 -formyl-1 '-(((chloromethyl)oxy)methyl)ferrocene, 1 -acetyl- 1 '-{((chloromethyl)oxy)methyl)ferrocene, 1 -formyl-1 - 
(((trichloromethyQoxy)methyl)ferrocene ( and 1-acetyl-r-(((trichloromethyl)oxy)methyl)f errocene. 

(iv) Examples of compounds having one or more silicon atom-containing group substituents having 1 to 20 carbon 
atoms include 1 -formyl-1 '-(((trimethylsilyljaxyjmethyljferrocene, 1 -{((6-(((1 , 1 -dimethylethyl)dimethytsi- 
lyl)oxy)hexyi)axy)methyi)- 1 '-for mylf errocene, 1 -acetyl - 1 '-(((trimethytsilyOaxyjmethyl^errocene, 1 -(((6-(((1 , 1 -dimeth- 
ylethyl)dimethylsilyl)oxy)hexyi)oxy)methyl)- 1 '-acetytf errocene, 1 , 1 -di(((trimethytsilyl)oxy)methyl)f errocene, t.f- 
di(((6-(((1,1<Jtmethylemyl)dim 1,r-di(((trimethylsilyl)Qxy)methyl)-2- 
acety If errocene, 1 , 1 '-di (((6-((( 1 ,1 -di methylethyl)dimethylsilyl)oxy) hexyi)oxy)methyl)-2-acetylferrocene, 1 , 1 '-di(((tri- 
rnethylsil>i)oxy)rrtet}iyl)-2-fornTytferrocene ( 1 , 1 '-ci(((6-(((1 ,1 -dimethylethyi)cfimethyfeilyi)oxy)hexyl)oxy)memyl)-2- 
for mylf errocene, 1 -methyl-1 '-(((tri methylsilyOoxy)methyl)f errocene, 1 -{((6-(((1 , 1 -dimethylethyl)dimethylsi- 
lyOoxy)hexyi)o«y)methyl)-r-methylferrocene, 1 -ethyt-1 '-(((trimethyfsilyi)oxy)methyl)ferrocene. 1-(((6-(((1.1-dimeth- 
ylethyi)dimethyisilyl)oxy)hexyl)axy)methyl)-1 -ethyfferrocene, 1 , 1 f <li(((trime4hylsflyl)oxy)methyl)-2-methytferrocene, 
1 ,1 , -di(((6-{((1 , 1,-dime^emyl)dimethyteilyDaxy) 1 -methyl-1 '-(trimethylsilyl- 
methyl)ferrocene, 1 -methyl-1 '-(tr imethylsi iyl ethyl)f errocene, 1 -methyl-1 4trimethylsilyIpropyl)ferrocene, 1,1'-di(tri- 
methylsilylmethyl)ferrocene t 1,V-di(trimethylsilylethyi)ferrocene, 1 ,1 '-di(dimethyisilylmethyi)f errocene, 1 -acetyl- 1'- 
(trimethylsilylmethyl)ferrocene, 1 ,r-diacetyl-2-(trimethyisilylmethyl)ferrocene, and 1,V-diacetyl-3-(trimethylsilylme- 
thyl)fenrocene. 

(v) Examples of compounds having one or more oxygen atom-containing groip substituents having 1 to 20 carbon 
atoms include 1,1'-cfi(acetylcyclopentadienyl)iron, i,r-dibenzoylf errocene, 1,1-bis(1-oxotetradecyl)ferrocene, 1-{3- 
ethoxy-1 -methyl-3-oxo-1 -propenyl)-1 '-(1 -oxo-3-pheny1-2-propeny1)ferrocene, 1 -benzoyl-1 *-(3-ethoxy-1 -methyl-3- 
oxo-1 -propenyl)ferrocene, 1 -(3-ethoxy- 1 -methyt-3-oxo- 1 -propenyl) -1 '-(phenyiacetyl)ferrocene, 1 ,r-bis(2-furanyl- 
carbonyl)ferrocene, 1 , 1 *-bis(3-methylbenzoyl)ferrocene, 1-(1 ,3-dioxoperrtyl)-1 '-methylf errocene, (neopentylcy- 
clopentadienyl)(proptonylcyclopentadienyl)iron t (pivaloylcydopernadienyQ(propy1(7dopentadienyl)iron, 1 -(9- 
carboxy-1 -oxononyl)-1 \3-dimethylferrocene, 1 -(9-carboxy-1 -oxononyl)- 1 \2-dimethytferrocene, 1 -(10-ethoxy-1 , 1 0- 
dioxodecyl)-r,3-dimethytferrocene, I^IO-ethoxy-I.IO-dioxodecyO-l'^-dimethylf errocene, 1-(6-methoxy-1,6-diox- 
ohexyl)-1 *-(1 -axooctadecyl)f errocene, 1,1'-bis(1 -oxononyl)ferrocene, 1 -(1-methyl-3-oxo-1 -butenyl)-1 '-(pheny- 
(acetyl)ferrocene, 1 -(3-carboxy-1 -oxopropy1)-1'-( 1 -oxoundecyl)f errocene, 1 -(3-carboxy-1 -oxopropyl)- 1 1 - 
oxononyl)ferrocene, 1 -(4-ethoxy-1 ,4-dioxobutyl)-1 '-(1 -oxoundecyl)ferrocene, 1 -(4-ethoxy-1 ,4-dioxobutyl)-1 '-(1 ' 
oxononyQferrocene, 1 , 1 *-bis(6-carbaxy-1 -oxohexyl)ferrocene, 1 (5-carboxy-1 -oxopenteny I)- 1 *-(3-carboxy- 1 -oxo- 
propyl)ferrocene, 1 , 1 '-bis(7-methoxy- 1 t 7-dioxoheptyl)ferrocene, 1 (4-methoxy-1 ,4-dioxobutyl)- 1 '-(6-methoxy-1 ,6- 
dioxohexytjferrocene, bis(o^art)oxybenzoylcyclopentadienyl)iron, (dnnamoytcyciopentadienyl)(neopentylcy- 
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clopentadienyl)iron. l.V-bis(3.5,5-trimethyl-1-oxohexyOferrocene, l.r-bis(1-oxohexadGcyl)ferrocene. (neopentyl- 
cydopentadienylX3.5,5-trime1hylhexanoylcyclopentadienyl)iron. 

(neopentyteydopentadienyOtpivaloylcydopentadienyOiron. ((4<artx^utyry0cydopentadieny0((3<arboxypro- 
pynoyl)cydopentadienyl)iron. 1,1 -bisCAHarboxy-l-cwDbutylJferrocene. (isobutylcyd(venta<Senyl)(p««loylcy- 
clopentadienyl)iron, (isobutyrylcydopentadienyl)(neopentylcyclopentadienyl)iron. 1-{5Harboxypentyl -1 - 1- 
oxooctadecyl)ferrocene, 1 -{5^rt»xy-1 -oxopenty1)-1 -octadecylferrocene. 1-(5-cartxay-1<Kopenty()-1 -(1- 
oxcoctadecyljferrccene. ((3-caiboxyproptonyOGydopentadienyO((3-^^ (benzyl- 
cydoperrtadienyl)(pivaloylcycloperrtadienyl)iron. 1-(9-cartx^-lKMOiwnyiK 

1-(10-ethoxy-1.10-dicocodecy1)-1\2.2\a^^^ (neoperrtylcydopentadienyl)(pheny1acetyt- 
cydopentadienyl)iron, (phenethylcydopentadieny1)(pivaloylcydoperrtadienyl)iron, 1J'-bis(5-methoxy-1.5-dc«o- 
pentyOferrocene. 1-benzoyl-r-(1-oxohexadecyt)ferrocene. l-acetyl-l-tl-oxohexadecyljferrocene. 1.1 W" 
oxooctedecyl)ferrocene. i-aoetyl-r-(1-cyclohexen-1-ytecetyl)fenrocene. 1-acetyl-1H1-cycloocten-1-ylaceMfer- 
rocene, l-tormyl1\2,2\3,3\4,4\5-«^e*hyl-5^^^ 1-benzoyl-1 -formyl- 

2 2' 3 3" 4 4* 5 S-octamethyHerrocene. benzoylnonamethyHerrocene, I^.SHlimelhyl-l-owjbutyO-l-oxobutylJ-V-tl- 
oxoU'-phenylbutyl)ferrocene. i-<l-co<c-5-<4-(1-oxo-3-pheriyl-2-prcpyn^^ 
nyl)ferrocene. 1 -(l-axo-4-(4-<1-a»-3-pheny1-2-proR^^ 

(1 -oxo-3-phenyl-2-propyny1)phenyl)propyl)-1 --(1 -oxo-3-phenyl-2-propynyt)ferrocene. 1-{l-oxo-3-(4-(1-oxo-3-phe- 
nyt-2-propenyl)phenyl)propy0-1 -(1 -oxo- 3-phenyl-2-propyny1)terrooene. 1 -(1 -axo-3-phenytpropyl)- 1 '-(1 -^jH** 
ny1-2-propynyl)ferrocene. 1 -(phenylacetyl)- 1 '-(1 -oxo-3-phenyl-2-propynyl)^rrocene, 1-(1«>xo-5-pheny1pentyl)1 -(1- 
oxo-3-phenyt-2-propeny0ferrocene. Hi-oxo^enylbutyl)-1M1^-3^henyl-2-propeny0ferroc^ 1-(1-oxo-3- 
phenyl-2^ropenyn-2^ropenylj-r-(1<)xo-3i)henylpropy0ferrocene. 1 -benzoyl-1 '-formylferrocene. 1-benzoyl-1 -(3- 
wo-3-phenyl-l-propenyOferrocene. 1.1-bis(1-oxo-2-pertenyt)ferrocene. 1 -benzoyl -1 '-(1 -hydroxy-3-(1 -hydroxycy- 
ctohexyl)-1-phenyl-2-propynyl)ferrocene. 1.1-bis(3-cart)oxy-1-oxopropyl)fenDcene, 1.1-bis(4-methaxy-1,4-diox- 
obutyDferrocene l-acetyl-I^I.S^ioKobutyO-S.S'KlimethyHerrocene. 1.1'-bis(1-oxopentyl)fenocene. «3- 
ca*<>xypropiortf)ethylcydcf)ertacfe^^ 1 J'*is(4-(2-methylbuty0benzpyl)fenrocene. 

1 1'-bis(1-axoundecy0fefrocene. !<4-hydrc^enyl)-1HlHWO-3i)heriy1-2ixopenyl)ferrocene l 1-acetyl-1"-(3-(3- 
methoxyphenyl)-1-oxo-2-propenyl)ferrocene. 1 -acetyl-1 '-(3-<4-methylphenyl)-1 Kixo-2-pfopenyl)ferTOcene. 1- 
acetyl-143K4HTieihoxyphenyl)-1-axo-2^ropeny0ferTocene. 1-(3-me1hyl-1-oxo-2-butBnyl)-1'-(pheny)acetyI)fef- 
rocene 1-(4.4-dimethyl-1 -oxo-2-pentenyl)-V-(phenylacetyl)ferrocene. 1 -acetyl-1 '-<4.4-dimethyl-1 -oxo-2-perrte- 
nyOferrooene. l-acetyt-1-(3-methyl-1-axo-2-butenyl)fetTOcene. 1 -acetyl- 1'-{1-oxo-2-butenyt)feiTocene, 1 -acetyl- 1 - 
(2-methyl-1 -oxc-2-propenyl)ferrocene. i-(3.3-dimethyl-1-oxe*utyl)-1M1<xch3^ 1-(3- 
methyl-1 -oxobutyO-V-(1-oxo-3-phenyl-2-propenyl)ferrocene. 1 -<1 Wxityl)-1 '-(1 ^xo-3-phenyl-2-prcpenyl)fer- 
rocene. 1,r-bi8((4-melhylphenyl)acety0ferrocene. 1,14>is(3-<4-methylpheiiy0-1-^^ 
bis(3-(2-furanyl)-1-oxo-2-propeny0ferrocene. 1.1'-bis(hydroxyacotyl)ferrocene. 1-(6-(4-methoxyphenyl)-6-oxo- 
hexyl)-r 3-bis(1-oxo-3-phenyl-2-propenyl)fefTocene, 1-(10-(4-methoxyphenyl)-10-Qx<xJecyl)1\2-bi6(1-oxo-3-phe- 
nyl-2-propenyl)terrocene. H5K4-meth<>xyphenyD^opertyg-1\3^ 1- 
(9-(4-me1toxypheny1)-9-axOTorT^ 

tyl)-r-(1-oxo-3-pheny1-2-propenyl)feirocene, 1.1 -bis(10-e1h(Ky-1.10-diQxodecyl)ferrocene, 1.V-bis(9-e1haxy-1.9- 
dioxononyl)ferroceno. l,l -bis(8-ethoKy-1.8Kfioxoocty1)ferrocene. l,r-bis(7-8lh<»(y-1.7-dioxoheptyl)fefTOcene. 1.1 1 - 
bis(5-ethoxy-1 ,5-dioxopentyl)ferrocena, l-(1 .lO-diaxo-IO-phenyldecyO-l -(1-oxo^-phenyl-2-propeny0feriocen^i - 
(1 9-diaxo-9iy^rx5nyt)-1'-(1-oxo-3-phenyl-2-propenyl)ferrocen9, H1.8^oxo-8^enylortyl)-1 ^1^3-pho- 
riyl-2-propenyl)ferrocene. l-(1.7^ioxo-7i>henylheptyO-lHl<KO^-phenyl-2-propeny1)ferrocene. 1-metnyl-1-(4- 
methyt>enzoyl)ferrocene. 1 K2-methoxy-2-co(oethy1)-1 X4-mettiylbenzoyl)ferrocene. 1 -benzoyl-1 \3-bis(phenylme- 
thyflferrocene. 1 -benzoyl-1 , .2-bis(phenylmethyl)feiTocene. l-benzoyl-r-(1-hydroxy-1-phenylethyl)ferrocene. 1.1- 
bis(1 r-biphenyl-4-ylcarbonyl)ferrocene. 1 -benzoyl-1 '-(1 -methylcydoprcpyl)ferrocene. 1.1-bis(3-caiboxy-1-oxo-2- 
propenyl)-2-methytferrocene, 1-methyl-1\2-bis(1-oxo-3-phenyl-2-propenyl)ferrocene. 1-(6-me1hoxy-1.6-diaxc~ 
hexyl)-1 '-((2-oxocydopentyl)cart)CHiyl)ferrocene. 1 ,1*-bis(6-etnoxy-1 .6-dtoxohexyl)feiTOcene. 1 -(6-ethaxy-1 ,6-diox- 
ohexy0-2-((2-oxc^dcf>entyl)cart»nyl)ferrocene. 1 , 1 •-bis(4-methoxybenzoyl)ferrocene. 1.1'*w(1- 

oxooctyDferrocene. 1<arboxy-1'-(1.2-dioxopropyl)ferrocene. 1 -(methoxycarbonyl) -1 •-(phenylacetyl)ferrocene. 1- 
carboxy-r-(1-oxo-3-phenyl-2-propenyl)ferrocene. 1 -carboxy-1 '-(oxophenylacetyl)ferrocene. 1-(methoxycarbonyl)- 
1 '-(1 -c*o-3-phenyl-2-propenyi)ferrocene. 1-(3-methylpheny0-141-oxo^-phenyl-2^rci)enyl)ferrocene. 1-{4-meth- 
ylphenyl)-1'-(1-oxo-3-phenyl-2-propenyl)terrocene. 1-<1-oxo-3-phenyl-2-propenyl)-1'-phenylfeiTooene. 1-(3.5- 
rfimethylpheriyl)-1H1-oxo-3-pheriyl-2-prc^enyl)fenocene. 1-(3.4-dimethylphenyl)-1M1-oxo-3-pheiiyl-2-prope- 
nyljferrocene. 1-(4-methoxyphenyl)-1 -(1-oxch3-phenyl-2-propenyl)ferrocene. V(4-(ethcoiy(fflftxjny0phenyl-1 (1- 
oxo-3-phenyl-2-propenyl)ferrocene. l-O-ethylphenylJ-IHI-oxo-S-phenyO ^-propenylJterrocene. 1-(4-ethylphenyl)- 
r-(1-oxo-3-phenyl-2-propenyl)ferrocene. 1 -benzoyl-1 •-(methoxymethyljferrocene, 1 ,1-bis(3-ethaxy-1 .3-dioxopro- 
pyMerrocene 1 (3.3-dimethyl-1-oxobutyl)-1 \3-dimethylferrocene, 1 -(3.3-dime1hyl-1-oxobuty1)-1 '.2-dimethylfer- 
rocene 1 -acetyl- 1 '-(2-methyl-1 -oxo-3-phenyl-2-propenyl)ferrocene. i-acetyM-(1-oxo-5-phenyl-2.4- 
penladienyl)ferrocene. l.l -bis(oxophenylacetyl)terrocene. 1.1-bis(phenylacetyl)fenocene. 1-(3-acetylphenyl)-r- 
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(1-oxo-3-phenyl-2-propenyl)ferrocGne, 1,r-bis(cyclohexylcaft)onyl)ferrocene f l,l'-bis(l-oxohexyl)ferrocene ( 1,1- 
bis(3-methyl-1-oxobutyi)ferrocene, l-(l ( l-dmethylethyl)-1^ 1-(1 J-dimethyle- 

thyl)-1 '-(2-methyM -oxopropyl)ferrocene, 1 -acetyl-1 '-( 1 HOxo-3-pheny1-2-propynyl)f errocene, 1 ( 1'-bis(2,2-dimelhyM - 
oxopropyl)ferrocene, 1-ac«yl-1'-(1-<wobutyl)f errocene. 1 -acetyl- r-(phenylacety0-2-(phenylmelhyl)ferrocene, 1- 
benzoyl-r-(pheny!acrtyl)ferrocene, 1-(1-oxobutyl)-r-(phenylacetyl)ferrocene, 1*enzyl-r-(1-axobuty0ferrocene. 
1 -{1 -oxopropyl)-r-(phenylacetyi)ferrocene. 1 -acetyM '-(pheriylacetyl)ferrocene, 1 -benzoyl-1'-(1 -oxopropyl)fer- 
rocene, 1-acetyl-3-ethyt-1'-<phenylacetyi)f errocene. 1-acetyM'-(phenylacetyl)-3^ 

ethoxy-i™ethyl-3Kao-1-pr^ 1 -<3-ethoxy-1 -methyl-3-oxo-l -propenyt)- 1 '-{ 1 - 

oxooctadecytjferrocene, 1-(3-ethoxy-1-methyl^^^ 1 -acetyl- V-(3-ethoxy- 

1-methyl-3-oxo-1-propenyl)ferrocene. 1,r-b's(((5-((4-methox^ 

rocene. 1 J'-bis((3-<4K(4-methoxyphen^^ WWWW+mfor 
oxyphen<^)cartx>nyl)pherx)xy)e^ 1 , 1 '^s((heptadecyloxy)(»rbonyl)ferrocene. 1.V- 

bi^((2,3,5,6,8,9,11,12-octaM'o-M <^opentadecyn-15-yl)c^)(»rbonyrfenw 1- 

carboxy- 1 4(phenylmetrx)^ i,i^bis((^((4-hexyl<^^ 

rocene, 1 , 1 ^bis((4-((4-(pentyloxy)pte^ 1 . 1 '-bis((4-<(44xJtGxyphe- 

noxy)<»rtx>nyl)phenaxy)ca^ 1 .r^is{(4-((4-ethoxyphenoxy)<artx)nyl)phen^ 

1^*-bis((4-((4-{pertylo^ 1,V4>js(4«((4-{butoxybenzoy1)Qxy)phe- 
noxy)carbonyl)ferrocene, 1,1^bis((4-((4~propoxyt>en^^^ 1 > V-bis((4-({4-ethoxy- 
benzoyl)oxy)phenoxy)cartx)ny!)ferrocene, 1T-bte((4-((4-methoxy^^ 1- 
(((1,1'-biphenyH-yloxy)«^ 1 -butyl- V-((4-<(4-(pentyla^ 

nyl)ferrocene. 1 -butyl- r-((4-hexytoxy)phenoxy)(»rbo 1 -butyl-1 '-((4^epty^henoxy)carbonyl)fer- 

rocene, l,r-biJ*(4-fbrmylphenoxy)car^ 1 J'-bis(((3-fofTn^^ 1.1'- 

bis((4K(4-(hexylaxy)bera^ 1 ,1 '-bis((4Kphenylmethoxy)phenoxy)carbonyrfer- 

rocene, H(4-(decyloxy)phenaxy)cato^ 1,V-bis((4-{decyloxy)phe- 
noxy)carbonyl)ferrocene. l,r-bis((4-heptyloxy)phen 1.1'-bis((4-(1,1- 

dimethylethyl)pherK3xy)carboriylferrocen^ 1 ,V-bis(metrKKyrarb^ 1 . 1 ^ 

bis(methoxycarboriy1)-2,3^^ 1 .1 '-Ws(ethoxycart»n^ 

rocene, 1 J'4>is(ethaxycarbonyl)-2,2^^ 1-(ethoxy<»rbonyl)-1\2-bis(methoxyme- 
thyt)ferrocene. i.l^bis(((1.4-rf»hydro-1,4^ 1.T-bte(((4'- 

(heptytocy)(1.1'^p^ 1,14)isa(4'-(hexyl^ 

rocene, 1 ,1'-bis((4'-(pentylaxy)(1 ,1 -biphenyl)-4-yl)oxy)«ut)oriyl)ferrocene. 1 ,1 '-bisK^'-butoxyO , 1 '-biphenyl)-4- 
yl)oxy)carbonyl)ferrocene. (methoxycartx>riyOnonamethylfenro<» 1,1 , -{methoxycarbonyl)2.2 , .3,3 , ,4.4^5.5 , - 
octamethy If errocene, 1 (2-ac*5tyl-3-Qxobutyl)-1 '-(methoxycarbonyOferrocene. 1 -{methoxycarboriy1)1 ^phenoxyme- 
thyl)ferrocene, 1,14>is((1,lKJimethyleth^ 1 ,r-bis(((3-Mraxymethtf^ 

nyflferrocene, 1 ,1 '-bis(((5-<hydraxymethyl)-2-f uranyl)methoxy)cart)onyl)terrocene, 1 .1 f -bis((4- 

hydroxypherxwyjcarbonyljferrocaie, 1 -acetyl-1 '-(propoxycarbonyl)ferrocene, 1 -acetyl- 1 '-{ethoxycarbonyljfer- 
rocene, dec»kis(methoD(ycarbony1)fenrocene, 1 ,lMMS((2-propeny^ 1,V-bis((phenylmeth- 
oxy)carbonyl)ferrocene, 1 -(ethco(ycarbonyl)-l '-etbylferrocene, 1 -(ethoxycarbonyl)-l '-methoxyfenocene, 1- 
(rthaxycaibonyO-r-phenyrferrocene, l-acetyl-r-(4-(emoxycato^ 1,r-biB((oxiranylmeth- 
oxy)carbonyl)ferrocene, 1 -(hydroxymethyl)-1 -(methoxycarborTylJfenrocene, 1 -(methcxycarbonyl)-l \2-diphenytfer- 
rocene, 1 ^methoxycarborTylJ-r^-diphenytferrocene. 1 JMDis(methoxycar1xw^ 1,2-diformyl- 
r,2 , ,3,3 , ,4,4 , t 5,5 , -octametnylferrocene, r-formyl-1,2,3,4-tetrame^^ 

1 Acetyl-1 '-{2-ethoxy-2-oxoethyi)ferrocene, l-tbrmyl-1H((6-hydroxyhexy0oxy)m Lr-diacetyi-S^- 
bis(1 . 1 -dimethytethyt)ferrocene. 1 Mormyl-1 ,2,3,4,5-pentamethyHerTOcene. 1 -(1 Hmethyl-3-oxo-1 -butenyl)-V-(1 -oxo- 
propyl)ferrocene. 1 -acetyl-1 -(1-methyI-3-oxo-1 -butenyl)ferrocene. 1 '-formyl-1 ,2-dimethytf errocene. 1 -formyl- 
r^^'.S.S'^.^.S-octamethylferrocene, (acetylcydcpentadienyl)(rTeo^ 1 -acetyl-1 '-ethy- 

rrytferrocene, (benzoylcyctopentadienyO(neoperi^ acetylnonamethytferrocene. 1-formyl-r- 

(hydroxyphenylmethy^^^ l-formyl-r-tl^Tydraxyethyl)^.?^.^,^^^.^- 
octamethylferrocene. 1 -formyl-3-(hydroxymethyl)-1 '^.^^'^^'^.y-octamethylfeiTOcene. (acetylcydopentadi- 
enyO(hydroxycydopentadienyOiron, V-acetyM ,2,3.4,5?entaphenylferrocene, 1 ^'Kiiacetyl-S^^imethylferrocene. 
(acetylcydopentadienyl)((2-cartx)xyvinyl)cydop^ (acefylcyclopentadienyl)((2-carboxye- 
thyl)cyclopentadienyl)iron. formylnonamethylferrocene, 1 f V-diformyl-2 I 2\3 l 3\4.4\5,5 , -ortamethylfe^ 1- 
formyl-r-{hydroxymethyl)fenocene, 1-acetyl-V-{1-(acetyloxy)etnynyl)ferrocene. l-acetyl-r-tS^-methoxyphenyl)- 
S-oxoodytyerrocene, 1-acetyl-V.3-bis(phenylmethyl)ferrocene, 1 -acetyl-1 \24)is(phenylmethyl)ferrocene, 1-acetyl- 
r-{1-hydroxy-1-pbenylethyl)ferrocene, 1 f 1'-diacetyl-2-methylferrocene, l.r-diacetyl-3-ni^hylferrocene. 1-formyl-2- 
(4-methoxyphenyl)ferrocene. V(3-ethy«pherTyl)-r-formylferTocene, H4-ethylpbenyl)-V-formylferrocene. 1-(3,5- 
dimethylphenyl)-1 -formylferrocene, 1 K4-(ethoxycarbonyl)phenyl)-1 '-formylferrocene. 1 -{3,4<Jimemylphenyl)-r- 
formyrf errocene, i-formy!-1-(4-methoxyphenyl)ferrocene, 1-tormyl1H4-m©thylphenyl)f errocene, 1-formyl-V-{3- 
methylphenyl)ferrocene, 1-acetyt-r-(4-(acetyloxy)phenyl)ferrocene, 1 -formyl-1 '-phenytferrocene, 1 -acetyl- r-{4- 
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metrraxyphenynterrocene, l^cetyl-V-(3.4-dim8thylphenyl)f8rrocene, l-acetyl-r^.5^imethy^8nyl)ferrorene^1- 
acetyl-HA-meUhenylJferrocene. l-acetyl-ri>heny«errocene. l-acetyl-l ^-mem^nyOferrocene.^aoeV- 

thyrjfe^ene. V-acetyM,2<limethylferrocene ( 1 -acetyl- 1.3^ime1hy1ferrocene. 1-acetyi-1 3 ^"^J*** 
thyMerrocene. l-acetyMMS-methoxy-S-phenyl-l-propenylJferrocane, 1-acetirt-1^-tas{1.1- 

ZiethylethyDferrocene. l^celyl-r^-bisd-methylethyDferrocene. ^^^f emcene ; J^'ll' 
oxobutyDfenrocene. Lacetyl-r-O-acetylphenyDferrocene. 1-acety1-1M4-acety1phenyl)lferro C ene. l-acatyl-1-meth- 
oxy-ferrocene, i-acetyl-r-ttrixJtytetannyOferrocene. and 1-formyl-r-(tributy1stanny1)ferroeene. 

(vi) Examples of compounds having one or more sutfur<ontaining group slants having 1 to 20 
indudY^-l^^ 

1-oxobutyl)-r-(1-oxobutyl)ferrocene. i-butyM^merc^l-oxobutyOferrocene. M2-P^«W-1; ^WerjJ 
carbo^yfTferrocene, 1-etrtf-3-(1-r^roxyethy1KK2-^^ 1-(pheny1ace^-H2.th,e n ylcarbo- 
nyl)ferrocene. l-benzoyi-r^-Werrylcartwnyriferrocene, W1 WtwD1M?*M^^ 
bis(<2K(2-((1.3.dithfc)l-2.yiaene^^^ ^f^^^^J^l' 
rvikjmethyljferiocene. 1.14Dis«2-(3-trdenvl)e1hoxrt^ 1.1 ^^^^£1' 

tnierryl)methoxy)carbonyl)ferrocene. 1-<methoxycarborTyl)-1Mmett^ ^wl^^" 
pher^-2-thienyl)ferrocene. cydopentadiertf (<1-forrnyl-2-^ 1-formyl-1 -suHbfer- 

rocene. l-acet^-r-(methoxysulfonyl)ferTOcene. and 1-acetyl-V-suHoferrocene. 

(vii) Examples of compounds having one or more phosphorus-containing group substrtuerrts ^ n 9j' o 20 car ^ 
atoms include 1.V-bis(diphenylphosphirK»ferrocene, 1-«^- 1 H(*Phenyfe^ 
bisttdiphenylphosphinoJaoetyDferrocene. 1-(djphenWphosphino)-r-formyHerrocene, 1-acetyl-1 -(dDhenylphos- 
phino)ferrocene. and 1 -acetyl- f-{diphenylphosphinyl)ferrocene. ,,. Jta ^nq-fHMM* 
£iii) Exarrples of compounds having substituents crosslinked to each other .ndude ^^J^^S 
ediyOfenocene. i.2Kfiacety1-l.4-(1.4-butanedi y l)ferrocene. ^^^^- 2 i^!^^%' 
rocene, 1 j-*i6(ethoxycarb^^ ^^If^^^^^s 
(1,3l*opanediy1)terrocene. l-tphervlac^JV.S-tl.S^ropanediyOferrocene. H( 4 " m f^^^ f 
pen^iwerrocene. 1-«4-me1hoxypheny1)acety^ ^^ ned ^^ 
r^ferrocene. 1-f0rV.3K1.5^nlane^ ^'^tlf.'t'lTSS!^ Tr 
^-1^2-(1.3■cyclopentanediyl)f9m)cene. ^ 2 -(l.4^ediyl)-1-torn l yt^3^^ 
d^cetyl-2-,3-(1.5 1} entanediy1)ferrocene. l-(l«,xo-2-propenv1)-1\3-(1.3i™^ 

^Kl^oSediyt^ocene. l-acatvMMI-oxo-3-pher^^^^ 1- 
acetyl-r 3-(3i^-1 > 5 1 )errtanediyf)ferrocene. l.r-diacetyl-^^l^-butanediyOferrocene. 11 

oZed^Z l^etyl-WHM^^ Ht ^^^' 3 V^^ 
rocene 1-forrtTyl-1'3-(1,3-propanediyl)ferrocene. 1-formyl-r.2-(1.3-propaned.yl)ferrocena 1 -acetyl-1-{1-o»-2- 

wU^.^l^oZL, Vacety,-141<>x<>2.p^^^ 

^-oxolp*^^ '^£^^^^1 
rocene. l-ber^-r-fbrrnyl-S.S'Kl.a-prcpanediylJferrocene. 1 - 1 ^ melh ^^"^ 2 i:_ ( ^ 
prcpanediyt)ferrocene, 1.1M>is(metho(ycarbor^^ 1J ^methoxycarbo- 

n^4-^is(1 > 3^nedr y t)ferrocene. 1 -{methoxycarbonyO-1 \23\4-bis(1 

SrrKrthoxycarbori^ Hrr^xycarbonyO-I^WI ,3-propan- 

edivftfenocene r2-<1.4-butanediyO-1-(4-rrie1ho^^ 1.1- 
bfs^o^n^^ 1.1'-bis<metrK>xy^^ 

1-tormyl-1 > 2-(1 ( 5-pentanediyDferrocene. i-acaryl-1M1-oxc-3-phenyl-2-propenyl)-3.3-{1.5-peritanedryO 
1 1 -bi5l-oxo^-phenyl-2-propenyl)-3.3'-(1.5-pantanediyl) ferrocene. 1-formyl-1\23\4-bis(pentaned^)fe^oc«ne. 
1-acetyl-r.2-(1.3-cyclopentanediyf)ferrocene. l,V-diacetyl-3.3-(l.5-pentanediyl)ferrocene. l. 2 ^***^ 1 - 3 - 
pro^iyl)fenoc^e i.r^iacetyW 

^acetyl r.2-(1.3-prcpanedivl)ferrocene. i-(l«>xo-3-pher^roper^ 
bisfl-oxo-S^eny^-propen^^^ 1.r-bis<1-oxo-3-phertf-2-pr^ 
panediylWerrocene. 1 -(1-oxo-3-phenyl-2-propenyO-1 -3-(l .3-propanediyl)ferrocene. 1 -acetyl-1 -(1 -oxo^-phenyl-2- 
^5-3.3H1.3^opanedivl?errocene > l-acetyM'-O-oxo-S-phenyl^propenyD-^-d 3-propaned,yDfer- 
££7 ^acetylT-^xo^^ l.l^acetylWI.S-propan- 
ediyQferrocene. M-diacetyt^.^LS-propanediyDferrocene. ^^^'<^^^"^-l- 
acetyl-V 2-{1.3-propanediyl)ferrocene, 1 -benzoyt-1 ',3-(1 .3-propanediyl)ferrocene. 1-ber«oyl-1 £-(1 3-propan- 
Sfenocene lT-oxo^opyr)-r.3-(1.3^opanediyl)ferrocene. 1-(1-<«o P ropyl^1^2-(1.3- P ropanedvl ferrocene. 
1-acetyl-r.3-(1.3-propanediyl)ferrocene. 1-a(^-r.3-(4-oxo-1.4-butanediyl)ferrocene. l-^^ 4 *?}*' 
bSiyliferVoc^ 1-acetyl-r,3-<5K,xo-1.5i)entaned.yl)fer- 
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rocene. l-acetyl-r,2-(So X o-1.5^)errtan e diyl)fenocen e . l^cety1-r.3-(3-oxo-1 > 3-propaned.yl)fer«)cen e 1-acetyl- 
V 3-0 -oxo-1 .3-propanediy0»errocene. l- a cetyt-V,2-(3-oxo-1.3-propanediyl)ferrocene. l-acetyl-l^-ti-oxo-I.S- 

l-acetyl-l^-fl 5-pentanediyl)ferrocene. 1-acetyl-1'.3-(1.4*utanediyl)tenocene. 1-acetyl-1 ,2-(1.4-butanedi)rt)fer- 
rocene.1-formil-r > 3-(1.3-propanediyl)f«Tt ) cene. l-formyM^-a.Si^nediyOfeno^ 
obutvO-V^-CI.S-propanediyOferrocene. l-^-methoxy-l^cwobuty^^ H3- 
Sxy-1^opr^2-(1.3-p,apanediy.)ferrc«ne. 1^3*^-1*^-1 '.3-<1 
1-ic)do-r2a , .4-bis(1,3-propanediyl)feiTOcene. 1-iodo-r.3-(1,&pentanediyl)ferrocene. 1.1 ^bmmo-2 2 !.3 ,3 \3.S- 
tris(1.3-propanedyl)ferrocene. 1.1'-dichloro-2.2 , -(diphenylsHylene)fenocene. W-dKttanX* 
lyline)fem*ene.1.1vdi^^ 

odo-3.3-(1.3-propaneo1 y Dferrocene, 1,1'-<Ji ) romo-3.3 l -(1.3-propanediyl)ferrocene. 
propanediyDferrocene. Uxomo-r.S-d.S-propanediyDferrocene. 1.1^iiodo-2.2H1.3-prop^ednrt ^o^e^1 - 
dibromo^^-tl.aixopanediyljferrocene. 1-iodo-r,2-(1.3-propanediyDferrocene. 1-bromo-1 
etf.yl)ferrocene. l-ch!oro-r.3-(1,5-dioxo-3-phenyl-1.5-pentanecfiyl)ferrocene. 1-bromo-1\3-(1.5<taxo-3-phenyl- 
1.5-pentanediyl)ferrocene. and 1 -bromo-1\3-(3-carboxy-1 .5-dioxo-1 ,5-perrtaneoIyl)ferrocene. 

3. Cleavage-type phoioinitiator (C) 

The cleavage-type phoioinitiator (accelerator) (C) for use in the present invention is not particularly limited. Exam- 
ples of the cleavaS type photoiniliator are given in Examples and below. Namely, examples thereof include (0 ace- 
Snenone photoTnSrs such as ^henoxydichloroacetophenone. 4-tWlichloroa^ophenone^ 4+ 
buMtrichloroacetophenone. diethoxyacetophenone. 2-hydroxy-2-methyl-1 -phenylpropan-1-one ^ S ™"S 
Sxy-2^Npropan-lK)ne. 1-(4^ecylpheny0-2-hyxlroxy-2-rnethylpropan-1-one. 4-(2-hydro^tw)phenyl 
(2-S-2-pZoSne. 1 -hydroxy cydohexyl phenyl ketone, and 2-nr^hyl-1-{4-(methylthio) P henyl)-2-m OTP rK»l^ 
Vopw*V. 00 beniin photoinitiators such as benzoin, benzoin methyl ether, benzoin ethyl ether benzojn.sopropyl 
ether, benzoin isobutyl ether, and benzoin methyl ketaJ; and (Hi) other photoinitiators including a-acyloxjme e^er^acyl- 
phosphine oxides, methylphenyl glyoxylate. 3.3\4.4Metia(t-butyl peroxycarbonyljbenzophenone. and 2.2-azobis(2- 

^ to c^where the cleavage-type phoioinitiator used is a peroxide, heating can also be used to cure me com- 
position. In the case where the cleavage-type photoiniliator used is an azo compound. the OTn ^^ 1 .^^. ed 
bTregulating the addition amount of the phoioinitiator or the quantity of light with which the composition is 'nadiated. 

The photocurable composition of the present invention is prepared by mixing and stirring the a-cyanoaaylate (A), 
the metaSo^e compound (B) comprising a transition metal of Group VII. of the periodic table and aromatic efecbon 
svstem lioands and the cleavage-type phoioinitiator (C) to completely dissolve the components (B) and (C) irr the com- 
ponent (A). In the case where heating and stirring are required to dissolve the component (C). heating and stimng are 
conducted at a temperature such that the component (A) is not degraded in quality ex decomposed (gener^up to 
about 60°C) The component (B) is dissolved in a similar manner as in the component (C). In general, the component 
(B) can be dissolved in the component (A) so that it is necessary to heat and stir meronrponent (B). 

During and after adding the component (B) and (C), especially the component (C). to the component (A), the reac- 
tion system must be maintained to be shaded. 

The component (C) is added to the component (B) in limited amounts while sbmng. so as not to add all the com- 
ponent (C) at a time. , . 

The above components each may be a single compound or a mixture of two or more compounds. 

The addition amount of the component (B). which varies widely depending on kinds of the component (B), is 10 to 
100.000 ppm by weight, preferably 30 to 50.000 ppm by weight, more preferably 50 to 1 0.000 ppm based on the weight 

01 ^Th^SaZflm^unt of the component (C). which varies widely depending on kinds and *° 
component (B) and kinds of the component (C). is 100 to 20.000 ppm by weight, preferably 300 to 15.000 ppm by 

weight, more preferably 500 to 10.000 ppm based on the weight of the component (A). 

The addition amount of the component (B) can be reduced by adding the component (C) to thej component 
in the case where the respective components are a mixture comprising two or more ingredients, the total amount 
of the ingredients of each component is the above addition amount ^mm^^ nr^-nt 

The composition may further contain one or more of the following ingredients as long as the effect of the present 

invention is not impaired. 

(1) anionic-polymerization inhibitors 

(2) radical-polymerization inhibitors 

(3) thickening agents , , 

(4) specif ic additives such as curing accelerators, plastioizers. tougheners. and heat stabilizers 
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(5) perfumes, dyes, pigments, etc. 

A radical-polymerizable compound such as an acrylic ester, can be added to the photocurable composition of the 
present invention. Even if a radical-polymerizable compound is added, the photocurable composition of the present 
invention can be rapidly cured owing to the cleavage-type photoinitiator. n 

An anionic-polymerisation inhibitor may be added in order to enhance the storage stability of the corrpaabon. 
Known examples thereof include sulfur dioxide, sulfur trioxide. nitrogen oxide, hydrogen fluoride, and p-toluenesurfonic 
acid. The arioric-polymerization inhibitor may be added in an amount of 0.1 to 10.000 ppm by weight based on the 

^'^am^lts^f^c^rymerization inhibitors include quinone, hydroquinone. t-butytcaiechol. and p-methoxyphe- 
nol. The radical-polymerization inhibitor may be added in an amount of 0.1 to 10.000 ppm by weight based on the 

weight of the component (A). . , , . ^ 

A thickening agents may be added in order to heighten the viscosity of the composition. Examples thereof include 
polymethacrylates (including poly(methyl methacrylate)). methacrylate copolymers, acrylic rubbers, cellulose deriva- 
tives, pdy(vinyl acetate), and poly(a-cyanoacrylate)s. ,. 

Many kinds of polymeric additives may be added usually for toughening. Examples thereof include acrylic elastom- 
ers, acrylonrtrile copolymer elastomers, fluoroelastomers. and a fine silica filler. These substances function also as 
thickening agents Other additives known to artisans may be used in the present invention. 

The curing of the photocurable composition of the present invention includes two kinds of curing, i.e. cunng by ani- 
onic polymerization caused by a minute amount of the adsorption water present on adherend surface and cunng by ani- 
onic photopolymerization caused by light irradation using a metallocene compound. 

The method for curing the photocurable composition of the present invention using light irradiation comprises coat- 
ing an adherends with the photocurable composition and irradiating the composition with electron beam, ""^violet 
light visible tight or near infrared light using a high pressure mercury lamp, a halogen lamp, a xenon lamp or sunlight. 
Effective wavelength of the irradiated light varies wHh kinds of the metallocene compound and cleavage-type photomi- 
tiator. Ultraviolet light and visible light are preferred. 

The photocurable conposition of the present invention may be applied to various known uses as well as. in partic- 
ular, to sealing of electronic parts, to furnishing a reel seat or fishing-line guides on a fishing rod. to fixing wires such as 
a coil, to filling for use in dental remedy, and to bonding or decorating an artificial nail. _ 

The present invention win be explained below by reference to Examples and Comparative Examples, but the inven- 
tion should not be construed as being limited to these Examples. 

For the evaluation of photocurability, a 4-kW high-pressure mercury lamp (manufactured by Oak Manufacturing 
Co LW ) was used as an ultraviolet irradiator to inadiate each sample from a distance of 15 cm. The values of inte- 
grated quantity of light shown in the Examples and Comparative Examples were found values obtained with integrating 
actinometerUV-350(marwfac*ured by Oak Manufacturing Co.. Ltd.). 

The results of a photocurability test shown in the Examples and Comparative Examples are given in terms ofthe 
integral of the quantity of light needed for complete photocuring; an irradiation operation in which the integrated quantity 
of lidht was regulated to 1 ,000 mJ/cm 2 was repeated until complete photocurmg. . . 

In me Examples and Comparative Examples. Three Bond 1741 (ethyl a-cyanoacrylate adhesive; hereinafter 
abbreviated as TB1741) was used as an a-cyanoacrytate unless otherwise indicated. 

The cleavage-type (hereinafter refened to as P1 type) photoinitiators used in the Examples and Corrparatrve 
Examples werean acylphosphine oxide (hereinafter abbreviated as APO). Irgacure 184 0 -hydroxy c^ohexyl phenyl 
Stone manufactured by Ciba-Geigy Ltd.). Irgacure 651 (benzyl dimethyl ketal n^nufactored yCte^, 
vlcure 55 (methylphenyl glyoxylate manufactured by Stauffer Chemical Company). BTTB (3.3 ^44 ^JJJP*^; 
carbonyl)benzophenone manufactured by Nippon Oil & Fats Co.. Ltd.). and V-59 (2.2 -azob.s{2-methyfoutyronrtr.le) 
manufactured by Wako Pure Chemical Industries, Ltd.). 

EXAMPLES 1 T0 1 1 

In Examples 1 to 5. ferrocene (hereinafter referred to as C^Fe) as a metallocene compound alone was added to 
TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. . _ . . 

In Examples 6 to 1 1 , CpgFe as a metallocene compound and various Pi type photointtiators were added to TB 1741 
in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIV E FXAMPLES 1 TO 13 

In Comparative Example 1 . TB1741 alone was irradiated with light to ascertain as to whether a cured resin was not 

0WB E Comparative Examples 2 to 7. various P1 type photoinrtiatore alone were added to TB1741 in predetermined 
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amounts to obtain cyanoacrylate compositions. 

In Comparative Examples 8 to 10, various hydrogen-abstracting (hereinafter referred to as P2 type) photoinitators 
alone were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

In Comparative Examples 1 1 to 13, CpzFe and various P2 type photoinHiators were added to TB1741 in predeter- 
mined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated byplacing 1 g of a sample .n a polyethylene teywrth 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing The results of Examples 1 to 1 1 and Comparative Examples 1 to 13 are shown in Table 1. 
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Table 1 









Photoinltiator 


Addition Amount 


Amount of Cp2Fe 


Photocurability 
(mJ/crrr) 


15 


Ex1 




— 


— 


1,000 ppm 


20.000 




Ex.2 




— 


— 


5,000 ppm 


15,000 




Ex.3 




— 


— 


10,000 ppm 


12,000 




Ex.4 




— 


— 


30.000 ppm 


5.000 


20 


Ex.5 






— 


50.000 ppm 


2.000 




Ex.6 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


1,000 




Ex 7 




Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


26 


Ex 8 




Irgacure 651 


10.000 ppm 


5.000 ppm 


9.000 


Ex 9 




Vicure 55 


5,000 ppm 


1,000 ppm 


7,000 




Ex 10 




BTTB 


5.000 ppm 


1,000 ppm 


3,000 




Ex 11 




V-59 


5,000 ppm 


1,000 ppm 


6,000 


30 


Comp. Ex. 1 










20,000< 




Comp. Ex. 2 


P1 type 


APO 


1,000 ppm 




20,000< 




Comp. Ex. 3 




Irgacure 184 


10,000 ppm 




20,000< 


35 


Comp. Ex. 4 




Irgacure 651 


10,000 ppm 




20,000< 




Comp. Ex.5 




Vicure 55 


5.000 ppm 




20.000< 




Comp. Ex.6 




BTTB 


5.000 ppm 




20.000< 




Comp. Ex 7 




V-59 


5,000 ppm 




20,000< 


40 


Comp. Ex 8 


P2type 


benzophenone 


5,000 ppm 




20,000< 




Comp. Ex.9 




benzanthrone 


1.000 ppm 




20.000< 




Comp. Ex. 10 




phenanthrenequinone 


1,000 ppm 




20.000< 


46 


Comp. Ex. 11 




benzophenone 


5.000 ppm 


5,000 ppm 


15,000 




Comp. Ex. 12 




benzanthrone 


1,000 ppm 


5,000 ppm 


20,000< 




Comp. Ex. 13 




phenanthrenequinone 


1.000 ppm 


5,000 ppm 


16.000 



" 20,000< in photocurability evaluation means that the sample remained uncured alter irradiation in an integrated quantity 



so 



of light ol 20,000 mJ/ctn*. 



55 FyAMPLES12TO20 

In Examples 12 to 14. ettiylferrocene (hereinafter referred to as (EtCp)CpFe) as a metaltocene compound 
was added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

In Examples 15 to 20. (EtCp)CpFe as a metallocene compound and various P1 type photomitiators were ad. 
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TB1 741 in predetermined amounts to obtain photocurable cyanoacryiate compositions. 

flOMPARATIV P FXAMPLES 14 TO 16 

In Comparative Examples 14 to 16. (EtCp)CpFe and various P2 type photoinitiators were added to TB1 741 in pre- 
determined amounts to obtain cyanoacryiate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 12 to 20 and Comparative Examples 14 to 16 are shown in Table 2. 



Table 2 







Photoinitiator 


Addition Amount 


Amount of 
(EtCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex.12 








1,000 ppm 


8,000 


Ex.13 








5,000 ppm 


6,000 


Ex. 14 








10,000 ppm 


5,000 


Ex.15 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


1.000 


Ex. 16 




Irgacure 184 


10,000 ppm 


5.000 ppm 


2,000 


Ex.17 




Irgacure 651 


10.000 ppm 


5,000 ppm 


2,000 


Ex. 18 




Vicure 55 


5,000 ppm 


1,000 ppm 


3,000 


Ex. 19 




BTTB 


5,000 ppm 


1,000 ppm 


2,000 


Ex.20 




V-59 


5,000 ppm 


1,000 ppm 


3,000 


Comp. Ex. 14 


P2 type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 15 




benzanthrone 


1,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 16 




phenanthrenequinone 


1,000 ppm 


5,000 ppm 


16,000 



15 



20 



25 



30 



EXAMPLES 21 TO 26 

In Comparative Exanple 21 to 22. n-butytfenrocene (hereinafter referred to as (BuCp)CpFe) as a metallocene com- 
pound alone was added to TB1741 in a predetermined amount to obtain a photocurable cyanoacryiate composition. 

In Examples 23 to 26, (BuCp)CpFe as a metallocene compound and various P1 type photoinitiators were added to 
TB1741 in predetermined amounts to obtain photocurable cyanoacryiate compositions. 

COMPARATIVE EXAMPLES 17 TO 19 

In Comparative Examples 17 to 19, (BuCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1 741 in predetermined amounts to obtain cyanoacryiate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 21 to 26 and Comparative Examples 1 7 to 19 are shown in Table 3. 
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Table 3 







Photoinitiator 


nuuiuun rvnouni 


(BuCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex 21 









5,000 ppm 


5.000 


Ex 22 




... 


... 


10,000 ppm 


4,000 


Ex 23 


Pltype 


APO 


1,000 ppm 


5,000 ppm 


1,000 


Ex 24 


Irgacure 184 


10,000 ppm 


5,000 ppm 


2,000 


Ex 25 


Irgacure 651 


10.000 ppm 


5.000 ppm 


4,000 


Ex 26 


Vicure 55 


5,000 ppm 


1,000 ppm 


3,000 


Comp. Ex. 17 


P2type 


benzophenone 


5,000 ppm 


5,000 ppm 


6,000 


Comp. Ex. 18 


benzarrthrone 


1,000 ppm 


5.000 ppm 


12,000 


Comp. Ex. 19 


phenanthrenequinone 


1,000 ppm 


5,000 ppm 


10,000 



FXAMPLES27TO31 

In Example 27, tert-amytferrocene (hereinafter referred to as (AmCp)CpFe) as a metallocene compound alone was 
added to TB1741 in a predetermined amount to obtain a photocuraWe cyanoacrylate composition. 

In Examples 28 to 31 , (AmCpJCpFe as a metallocene compound and various P1 type photoinitiators were added 
to TB1741 In predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 



30 COMPARATIVE EXAMPLES 20 TO 22 

In Comparative Exarrples 20 to 22, (AmCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

Thephotocurabilityof each of the corrpositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
35 an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Exanples 27 to 31 and Comparative Examples 20 to 22 are shown in Table 4. 



Table 4 







Photoinitiator 


Addition Amount 


Amount of 
(AmCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex 27 








5,000 ppm 


7,000 


Ex 28 


P1 type 


APO 


1,000 ppm 


5.000 ppm 


1,000 


Ex 29 


Irgacure 184 


10,000 ppm 


5,000 ppm 


3,000 


Ex 30 


Irgacure 651 


10,000 ppm 


5,000 ppm 


4,000 


Ex 31 


Vicure 55 


5,000 ppm 


1,000 ppm 


5,000 


Comp. Ex. 20 


P2type 


benzophenone 


5,000 ppm 


5,000 ppm 


7,000 


Comp. Ex. 21 


benzarrthrone 


1,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 22 


phenanthrenequinone 


1,000 ppm 


5,000 ppm 


8,000 



55 
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10 



ts 



FYAMPLFS 32 TO 37 

In Example 32 to 33. benzoylferrocene (hereinafter referred to as (BzoCtfCpFe) as a metallocene compound alone 
was added to TB1741 in a predetermined amount to obtain a photocuraWe cyanoacrytate composition. 

SSHSmm 37. f Bz oCp)CpFe as a metallocene compound and various Pi type photoimbators were added 
to TB1741 in predetermined amounts to obtain photocuraWe cyanoacrytate compositions. 

(COMPARATIV E FYAMPl FS 23 TO 25 

In Comparative Examples 23 to 25. (BzoCp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TB1741 in predetermined amounts to obtain cyanoacrytate composrtions. 

Thephotocurability of each of the compositions was evaluated by placing 1 g of a sample in a poly^etraywrth 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantrty of light needed for 
curing. The results of Examples 32 to 37 and Comparative Examples 23 to 25 are shown in Table 5. 

Table 5 







Photoinitiator 


Addition Amount 


Amount of 
(BzoCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex. 32 








5,000 ppm 


15,000 


Ex.33 








10,000 ppm 


12.000 


Ex.34 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


9,000 


Ex.35 




Irgacure 184 


10,000 ppm 


5,000 ppm 


9,000 


Ex.36 




Irgacure 651 


10,000 ppm 


5,000 ppm 


10,000 


Ex.37 




Vicure 55 


5,000 ppm 


1.000 ppm 


6,000 


Comp. Ex. 23 


P2type 


benzophenone 


5,000 ppm 


5,000 ppm 


18,000 


Comp. Ex. 24 




benzanthrone 


1,000 ppm 


5,000 ppm 


16,000 


Comp. Ex. 25 




phenanthrenequinone 


1,000 ppm 


5.000 ppm 


17,000 



20 



25 



30 



35 



FXAMPI ES 38 TO 42 

In Example 38. cyctohexenyWerrocene (hereinafter referred to as (CyheCp)CpFe) as ameteDocwe compound 
40 atonewasaddedtoTB1741inapredeterminedamou^ 

In Examples 39 to 42. (CyheCp)CpFe as a metallocene compound and various P1 type photanitiatore were added 
to TB1741 in predetermined amounts to obtain photocuraWe cyanoacrytate compositions. 

COMPARATIVE EXAMPLES 26 TO 29 

in Comparative Examples 26 to 28. (CyheCpJCpFe as a metallocene compound and various P2 type photoinitia- 
tors were added to TB1 741 in predetermined amounte to obtain cyanoacrytate compositions. 
rTpho^ 

an in™ diameter of 30 mm and irradiating the sample with light to measure the integrated quantrty of light needed for 
curing. The results of Examples 38 to 42 and Comparative Examples 26 to 28 are shown in TaWe 6. 



45 



50 



55 
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Table 6 







rrKJiOtniuaiOr 


AHHrHnn Amount 


Amount of 
(CyheCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex.38 : 




... 


— 


5.000 ppm 


9.000 


Ex 39 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


2,000 


Ex.40 


Irgacure 184 


10,000 ppm 


5,000 ppm 


4,000 


Ex 41 


Irgacure 651 


10,000 ppm 


5,000 ppm 


j 4,000 


Ex 42 


Vicure55 


5.000 ppm 


1.000 ppm 


8,000 


Comp. Ex. 26 


P2type 


benzophenone 


5,000 ppm 


5.000 ppm 


10,000 


Comp. Ex. 27 


benzanthrone 


1,000 ppm 


5,000 ppm 


11,000 


Comp. Ex. 28 


phenanthrenequinone 


1.000 ppm 


5,000 ppm 


11,000 



FXAMPLES 43 TO 47 

In Example 43. cyclopentenytferrocene (hereinafter referred to as (CypeCp)CpFe) as a metallocene compound 
alone was added to TB1 741 in a predetermined amount to obtain a photocurable cyanoacryiate composition. 

In Examples 44 to 47, (CypeCp)CpFe as a metallocene compound and various P1 type photoinitiators were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacryiate compositions. 

COMPARATIVE EXAMPLES 29 TO 31 

In Comparative Examples 29 to 31, (CypeCp)CpFe as a metallocene compound and various P2 type photoinitia- 
tors were added to TB1 741 in predetermined amounts to obtain cyanoacryiate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 43 to 47 and Comparative Exanples 29 to 31 are shown in Table 7. 



Table 7 







Photoinitiator 


Addition Amount 


Amount of 
(CypeCp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex 43 








5,000 ppm 


13,000 


Ex 44 


P1 type 


APO 


1.000 ppm 


5.000 ppm 


3.000 


Ex 45 


Irgacure 184 


10,000 ppm 


5,000 ppm 


4,000 


Ex 46 


Irgacure 651 


10,000 ppm 


5,000 ppm 


5,000 


Ex 47 


Vicure 55 


5,000 ppm 


1,000 ppm 


11,000 


Comp. Ex. 29 


P2type 


benzophenone 


5.000 ppm 


5,000 ppm 


14,000 


Comp. Ex. 30 


bsnzanthrone 


1,000 ppm 


5,000 ppm 


13.000 


Comp. Ex. 31 


phenanthrenequinone 


1,000 ppm 


5,000 ppm 


13,000 



EXAMPLES 48 TO 53 

In Example 48 to 49. ferrocenecarboxyaldehyde (hereinafter referred to as (CaAICp)CpFe) as a metallocene com- 
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pound alone was added to TB1741 in a predetermined amount to obtain a photocurable cyanoacrylate composition. 

In Exarrples 50 to 53, (CaAICp)CpFe as a melallocene compound and various PI type photoinitiators were added 
to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 32 TP 34 

In Conparative Examples 32 to 34, (CaAICp)CpFe as a metallocene compound and various P2 type photoinitiators 
were added to TBI 741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with fight to measure the integrated quantity of light needed for 
curing. The results of Examples 48 to 53 and Comparative Examples 32 to 34 are shown in Table 8. 



Table 8 







Photoinitiator 


Addition Amount 


Amount of 
(CaAICp)CpFe 


Photocurability 
(mJ/cm 2 ) 


Ex 48 








5,000 ppm 


12.000 


Ex.49 








10,000 ppm 


11,000 


Ex.50 


P1 type 


APO 


1,000 ppm 


5,000 ppm 


7,000 


Ex. 51 


Irgacure 184 


10,000 ppm 


5,000 ppm 


8,000 


Ex.52 


Irgacure 651 


10.000 ppm 


5.000 ppm 


10.000 


Ex.53 


Vicure 55 


5,000 ppm 


1,000 ppm 


8,000 


Comp Ex. 32 


P2type 


benzophenone 


5,000 ppm 


5,000 ppm 


14,000 | 


Comp. Ex. 33 


benzanthrone 


1,000 ppm 


5,000 ppm 


15,000 


Comp. Ex. 34 


phenanthrenequrnone 


1.000 ppm 


5,000 ppm 


13.000 | 



EXAMPLES 54 TP 71 

In Example 54 to 71. various metallocene compounds each alone was added to TB1741 in a predetermined 
amount to obtain a photocurable cyanoacrylate composition. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 54 to 71 are shown in Table 9. 
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Table 9 





Photoinitiator 


Addition Amount 


Photocurability (mJ/cm 2 ) 


Ex.54 


(AcCp)CpFe 


5,000 ppm 


12,000 


Ex.55 


(MeCpfcFe 


500 ppm 


5,000 | 


Ex.56 


(MeCp^Fe 


1,000 ppm 


4,000 


Ex. 57 


(MeCpfcFe 


3,000 ppm 


1,000 


Ex.58 i 


(BzoCp) 2 Fe 


500 ppm 


1,000 


Ex. 59 


(AcCp) 2 Fe 


100 ppm 


13,000 


Ex.60 


(AcCp) 2 Fe 


300 ppm 


5.000 


Ex.61 


(AcCp) 2 Fe 


500 ppm 


2,000 


Ex.62 


(AcCp) 2 Fe 


1,000 ppm 


1.000 


Ex.63 


(Me5Cp) 2 Fe 


50 ppm 


3,000 


Ex.64 


(Me5Cp) 2 Fe 


100 ppm 


1,000 


Ex.65 


(Me5Cp) 2 Fe 


100 ppm 


8.000 


Ex.66 


(MesCp) 2 Fe 


300 ppm 


4.000 


Ex. 67 


(MesCp) 2 Fe 


500 ppm 


2,000 


Ex.68 


(Me5Cp) 2 Fe 


1,000 ppm 


1,000 


Ex. 69 


Cp 2 Ru 


50 ppm 


3.000 


Ex. 70 


Cp 2 Ru 


100 ppm 


2,000 


Ex. 71 


CpeRu 


300 ppm 


1,000 


Remarks: 

(AcCp)CpFe: acetylferrocene 
(MeCpfeFe: 1,r-dimethytferrocenG 
(BzoCp) 2 Fe: 1 , 1 '-dibenzoylferrocene 
(AcCp) 2 Fe: di(acetylcydopGntedierryl)iron 
(MesCpfeFe: bis(pemamethylcydopentadienyOiron 
(MesCpfeOs: bs(pentamethylcydcx)entadienyi)osmium 
CfeRu: bis(cyclopentadienyl)aithenium 



EXAMPLES 72 TO 76 

In Examples 72 to 76, CpzFe as a metallocene compound and APO as a P1 type photoinitiator was added to 
TB1741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 

COMPARATIVE EXAMPLES 35 TO 37 

In Examples 35 to 37, (^Fe as a metallocene compound and various P2 type photoinitiators were added to 
TB1 741 in predetermined amounts to obtain cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results of Examples 72 to 76 and Comparative Examples 35 to 37 are shown in Table 10. 
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Table 10 





Amount of APO 


Amount of CpaFe 


Photocurability (mJ/cm 2 ) 


Ex. 72 


1,000 ppm 


500 ppm 


10,000 


Ex. 73 


1,000 ppm j 


1,000 ppm 


6,000 


Ex. 74 


2,000 ppm 


100 ppm 


3.000 


Ex. 75 


2,000 ppm 


500 ppm 


1,000 I 


Ex. 76 


3,000 ppm 


500 ppm 


1.000 


Comp. Ex.35 


1,000 ppm 




20.000< 


Comp. Ex. 36 


2,000 ppm 




20,000< 


Comp. Ex. 37 


3.000 ppm 




20,000< 



20 



25 



FYAMPLES77T0 81 

In Examples 77 to 81 . (EtCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
*n tri 741 in (predetermined amounts to obtain photocurable cyanoacrylate compositions. , , ^ 

aninn«5iameterof30mmandirradi^ 
curing. The results obtained are shown in Table 1 1 



Table 11 



30 



35 



40 





Amount of APO 


Amount of (EtCp)CpFe 


Photocurability (mJ/cm*) 


Ex.77 


1,000 ppm 


500 ppm 


3.000 


Ex.78 


1,000 ppm 


1,000 ppm 


1,000 


Ex. 79 


2,000 ppm 


50 ppm 


1,000 


Ex.80 


2.000 ppm 


100 ppm 


1.000 


Ex. 81 


3,000 ppm 


500 ppm 


1,000 



45 



50 



EXAMPLES 82 to 86 

in Examples 82 to 86, (BuCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
tn TR1741 in oredetermined amounts to obtain photocuraWe cyanoacrylate compositons. 

an inn* Siameter of 30 mm and irradiating the sample with light to measure the integrated quantrty of k* needed for 
curing. The results obtained are shown in Table 12. 
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Table 12 





Amount of APO 


Amount of (BuCp)CpFe 


Photocurability (mJ/cm*) 


Ex. 82 


1,000 ppm 


500 ppm 


3,000 


Ex.83 


1,000 ppm 


1,000 ppm 


2,000 


Ex.84 


2,000 ppm 


100 ppm 


1,000 


Ex.85 


2,000 ppm 


500 ppm 


1.000 


Ex.86 


3,000 ppm 


500 ppm 


1,000 



FXAMPU=S87TO91 

In Exanples 87 to 91 , (AmCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were added 
to TB1 741 in predetermined amounts to obtain photocuraWe cyanoacrytate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g off a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 13. 



Table 13 





Amount of APO 


Amount of (AmCp)CpFe 


Photocurability (mJ/cm 2 ) 


Ex. 87 


1,000 ppm 


500 ppm 


4,000 


Ex.88 


1,000 ppm 


1,000 ppm 


2,000 


Ex.89 


2,000 ppm 


100 ppm 


1,000 


Ex.90 


2,000 ppm 


500 ppm 


1.000 


Ex. 91 


3,000 ppm 


500 ppm 


1,000 



FXAMPU=S92AND93 

In Examples 92 and 93, (BzoCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1 741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in TaUe 1 4. 



Table 14 





Amount of APO 


Amount of (BzoCp)CpFe 


Photocurabfl'rty (mJ/cm 2 ) 


Ex.92 


2,000 ppm 


1,000 ppm 


4,000 


Ex.93 


3,000 ppm 


1,000 ppm 


1,000 



EXAMPLES 94 TO 9Q 

In Examples 94 TO 96. (CyheCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 
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The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 15. 



Tablets 





Amount of APO 


Amount of 
(CyheCp)CpFe 


Photocurability (mJ/cm 2 ) 


Ex.94 


2,000 ppm 


500 ppm 


1.000 


Ex.95 


2,000 ppm 


1,000 ppm 


1,000 


Ex.96 


3,000 ppm 


500 ppm 


1,000 



PtAMPl E S97ANP9P 

In Examples 97 and 98. (CypeCp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacryfate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 16. 



Table 16 





Amount of APO 


Amount of 
(CypeCp)CpFe 


Photocurability (mJ/cm 2 ) 


Ex. 97 


2.000 ppm 


1.000 ppm 


2,000 


Ex.98 


3,000 ppm 


500 ppm 


1.000 



EXAMPLES 99 TQ 1Q1 

In Examples 99 to 101. (CaAICp)CpFe as a metallocene compound and APO as a P1 type photoinitiator were 
added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 1 7. 



Table 17 





Amount of APO 


Amount of 
(CaAICp)CpFe 


Photocurability (nrU/cm 2 ) 


Ex.99 


2.000 ppm 


1,000 ppm 


4,000 


Ex. 100 


3.000 ppm 


500 ppm 


4.000 


Ex 101 


3.000 ppm 


1,000 ppm 


1.000 



EXAMPLES 102 TP 112 

In Examples 102 to 109. 1.r-di-n-butylferrocene. bis(pentamethylcyclopentadienyl)ruthenium, and bis(cyclopenta- 
dienyl)osmium (hereinafter referred to as (BuCp) 2 Fe. (MesCp^Ru, and Cp20s. respectively) as metallocene com- 
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pounds alone were added to TB1741 in respective predetermined amounts to obtain photocurable cyanoacrylate 
compositions. 

In Exarr^les 110 to 1 12, (BuCp) 2 Fe, (Me 5 Cp) 2 Ru. and CpzOs as metallocene compounds and APO as a P1 type 
photoinitiator were added to TB1741 in predetermined amounts to obtain photocuraWe cyanoacrylate compositions. 

The photocurability of each of the compositions was evaluated by placing 1 g of a sample in a polyethylene tray with 
an inner diameter of 30 mm and irradiating the sample with light to measure the integrated quantity of light needed for 
curing. The results obtained are shown in Table 18. 



Table 18 





Metallocene Compound 


Addition Amount 


Addition Amount of APO 


Photocurability (mJ/cnrO 


Ex. 102 


(BuCp) 2 Fe 


500 ppm 




5,000 


Ex. 103 


(BuCp) 2 Fe 


1,000 pprn 




2,000 


Ex. 104 


(Me 5 Cp) 2 Ru 


3,000 ppm 




8,000 


Ex. 105 


(Me 5 Cp) 2 Ru 


5,000 'pprn 




6,000 


Ex. 106 


Cp 2 Os 


100 ppm 




13,000 


Ex. 107 


Cp 2 Os 


300 ppm 




10,000 


Ex. 108 


Cp 2 Os 


500 ppm 




5,000 


Ex.109 


Cp 2 Os 


1,000 ppm 




3,000 


Ex.110 


(BuCp) 2 Fe 


500 ppm 


2,000 ppm 


1,000 


Ex.111 


(Me 5 Cp) 2 Ru 


3,000 ppm 


2,000 ppm 


| 2,000 


Ex.112 


Cp 2 Os 


500 ppm 


2,000 ppm 


1,000 



EXAMPLES 113 TP 117 AND COMPARATIVE EXAMPLE 38 

(AcCp) 2 Fe was added to TB1741 in predetermined amounts to obtain photocurable cyanoacrylate compositions. 
35 In a storage stability test 20 g of each sample was placed in a light-shielded polyethylene container, stored at 70°C for 
1 week, and then examined for viscosity and photocurability. Photocurability was evaluated by placing 1 g of a sample 
in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated 
quantity of light needed for curing. Viscosity was measured at room temperature with a BrookfiekJ viscometer (manu- 
factured by Tokyo KeiW Co,. Ltd.) fitted with an adapter. The results obtained are shown in Table 19. 



Table 19 







Comp. Ex. 38 


Ex. 113 


Ex 114 


Ex. 115 


Ex.116 


Ex. 117 


46 


Amount of (AcCpfeFe 


0 ppm 


100 ppm 


300 ppm 


500 ppm 


1,000 ppm 


1,500 ppm 




Blank 


Viscosity 
(mPa-s) 

Photocurability 


1.90 


2.00 
13,000 


2.10 
5,000 


2.00 
2,000 


1.90 
1,000 


1.95 
1,000 


SO 


70°Cx1W 


Viscosity 
(mPa^s) 

Photocurability 


1.95 


2.05 
14,000 


2.10 
6,000 


2.15 
2,000 


2.60 
1,000 


4.35 
1,000 




Photocurabilii 


ty is shown in terms 


of the integrated quantity of light (mJ/cm 2 ) needed for complete photocuring. 
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EXAMPLES 118 TP 121 

To TBI 741 were added (AcCp) 2 Fe in an amount of 1 ,000 ppm and either a radical-polymerization inhibitor (hydro- 
quinone) or an anionic-polymerization inhibitor (p-toluenesulfonic acid) in predetermined amounts. The compositions 
s obtained were evaluated for photocurability in the same manner as in Examples 1 to 39 to ascertain that the photocur- 
ing reaction proceeded by anionic polymerization. The results obtained are shown in Table 20. 



Table 20 



i Example No. 


62 


118 


119 


120 


121 


(AcCp) 2 Fe 


1,000 


1,000 


1,000 


1,000 


1,000 


Hydroquinone 




1,000 


3,000 






p-ToluenesuHonic acid 








1,000 


3,000 


Photocurability (mJ/cm 2 ) 


1.000 


1,000 


1,000 


X 


X 


The numerals in the table indicate addition amounts (ppm) based on TB1 741 

X: The sarrple remained uncured even after light irradiation in an integrated quantity of light of 

10,000 mJ/cm 2 



EXAMPLES 122 AND 123 

(AcCp) 2 Fe was added to each of methyl a-cyanoacrytate (hereinafter abbreviated as MCA) and ethoxyethyl a- 
cyanoacrylate (hereinafter abbreviated as EECA) as a-cyanoacrylates in an amount of 1,000 ppm. The compositions 
were evaluated for photocurability in the same manner as in Examples 1 to 39. The results obtained are shown in Table 
21. 



Table 21 


Example No. 


62 


122 


123 


a-Cyanoacrytate 


TB1741 


MCA 


EECA 


Photocurability (mJ/cm 2 ) 


1,000 


1,000 


1,000 


Photocurability is shown in terms of the integrated quantity of light 


(mJ/cm 2 ) needed for complete photocuring. 





EXAMPLES 124 AND 125 

45 In Exarrples 1 24 and 1 25, Cp2Fe as a metallocene compound and APO as a P1 type photoinitiator were added in 
amounts of 500 ppm and 2,000 ppm, respectively, to each of methyl a-cyanoacrylate (hereinafter abbreviated as MCA) 
and ethoxyethyl a-cyanoacrylate (hereinafter abbreviated as EECA) as a-cyanoacrylates to obtain photocutable 
cyanoacrylate corrpositions. The photocurability of each of the compositions was evaluated by placing 1 g of a sample 
in a polyethylene tray with an inner diameter of 30 mm and irradiating the sample with light to measure the integrated 

so quantity of light needed for curing. The results obtained are shown in Table 22. 



Table 22 





a-Cyanoacrylate 


Photocurability (mJ/cm^ 


Ex. 75 


TB1741 


1,000 


Ex. 124 


MCA 


1,000 


Ex. 125 


EECA 


1,000 
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Thecorrpos^noffcepres^^ 
metallocene compound or the composrtjon thereof further "fJXXi the composition applied has 

cured by light irradiation even when the gap between a pair ^.^^^^aW^nTSr of atSends as 
overfJn torn me bonding part, or when tt^c^^n^^not ^^t^m^^ suffer the 

^^^^^^^^^^^ 

H, KM nee**,* to cue the '""^ *""^"J£^ ^„ emcunt c* tt» leeteloeen. ccwx«l 

MM in tie case «t»e the dee.eoe.type etMBuri ^^^TSert. «" cereposilioe cat be 

30 the spirit and scope thereof. 
Claims 

1 . A pholocuraWe composition comprising: 

35 

g rnSZSctXd comprise a transition me*, of Group V... of the periodic tabie and aromatic 
electron system ligands. 

„ 2 . The photocurable composition as claimed in cteim 1 . further comprising (C) a cleavage-type photoinitetor. 

3. The photocurabie composition as daimed in daim 1. wherein each of the aroma* electron system ligands in the 
metallocene compound (B) is a n-arene. indenyl. or n -cydcpented.enyl. 

« 4. ThephotocuraHeconp^ 

tion metal of Group VIII of the periodic table and aromatc electron system Hganas is repress 

formula (I): 



so 
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(I) 



(wherein M represents 



a transition metal of Group VIII of the periodic table; R represents a halogen atom, a hydro- 
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5. 

10 6. 



carton group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbonatoms. or a 
SrSn ft oxygen-atom conning. su«ur-atom ^^^^^^^^ 
having 1 to 20 carbon atoms, provided that the R's may be the same or drftoerrt and may be c^^edtoeach 
Ota? lynM a represents an integer of from 0 to 5; and (he groups tR a -Cpl (Cp represents n «*dcpentadieny1) 
may be the same or different). 

in the metailocene compound (B) comprises iron, osmium, ruthenium, cobalt or nickel. 
TTiepholocurable 

in the metailocene compound (B) comprises iron, osmium or ruthenium. 
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